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EXECUTIVE SUMMARY 
GENERAL MEDICAL SERVICE STUDY 

REPORT NO. 12-MA-01Q5-05 
PREVENTION OF FOOTBALL INJURIES:   

A REVIEW OF THE LITERATURE 
2005 

 
 
1. PURPOSE.  This technical report presents the results from a systematic review of the medical 
and public health literature (1970-2004) describing injuries, injury risk factors, and injury 
prevention strategies related to American football and, more specifically — 
 
 a. Describes the analytic epidemiologic studies identifying risk factors for football injuries, 
and 
 
 b. Presents the evidence supporting or refuting the effectiveness of specific interventions to 
prevent injuries during this sport. 
 
2. CONCLUSIONS.   
 
 a. The search identified 37 case series/case reports, 51 descriptive epidemiologic studies, 29 
laboratory studies, 34 analytic epidemiologic studies, 69 review articles, and 4 intervention trials. 
The four intervention trials included two studies of knee braces, one study of swivel shoes, and 
one study of a pre-season conditioning program. 
 
 b. Few epidemiologic studies of football injuries are recent; of the 34 analytic epidemiologic 
studies published since 1970, only three were published since the year 2000.  The most recent 
intervention trial was conducted in 1990. 
 
 c. The literature indicates that a few interventions, such as helmet use and a rule to ban 
spearing, have demonstrated effectiveness in preventing football-related injuries.  Pre-season 
conditioning and holding games on grass (vs. artificial) surfaces are other promising prevention 
strategies.  Studies of other strategies (e.g., cleat type, knee braces, ankle braces) suffer from too 
little evidence, discordant study results, and/or inconclusive results due to poor study design. 
 
 d. Risk factor studies suggest that player position, duration of time on the field during 
games, and length of practice sessions may influence injury risk during football.  Intrinsic factors 
such as pre-existing injury, flexibility extremes (loose- or tight-jointedness), and higher body 
mass index (BMI) may also increase injury risk. 
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3. RECOMMENDATIONS. 
 
 a. While helmet use and enforcing the ban on spearing are important interventions to prevent 
injuries that occur during American football, the literature does not offer definitive evidence at 
this time of other interventions to implement.  The most promising interventions (i.e., two or 
more studies showing similar results) deserving of consideration and further evaluation include 
pre-season conditioning and use of grass surfaces.   
 
 b. The next steps in football injury prevention would be best guided by updated descriptive 
and analytic epidemiologic studies describing current rates and trends of football injuries, 
including information on the severity, types, and causes of injury.  Such studies would lend 
insight into leading causes of football injuries; information that could then be used to focus 
prevention research efforts on the most significant injury types or causes. 
 
 c. Given that methodological deficiencies precluded the usefulness of a number of studies, 
future descriptive epidemiologic, analytic epidemiologic, intervention trials, and program 
evaluations should strive to include— 
 
  (a)  A clear description of the study population (e.g., number of players, ages, positions); 
 
  (b)  A description of exposures in more detail (e.g., length of season, number and duration 
of practices, number of games in regular and post-seasons); 
 
  (c)  Inclusion of confounders (e.g., prior injury, BMI) in analyses; 
 
  (d)  A clear definition of outcomes (e.g., injury type, data sources for injuries); and 
 
  (e)  Presentation of meaningful injury rates, with denominators such as athlete-exposures, 
rates per specified number of players per week, month, or season.  
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I. REFERENCES.  See Appendix A for a complete list of reference information.  Appendix 
B contains detailed information on published football injury risk factor (analytic epidemiology) 
and intervention studies that were reviewed as part of this work. 
 
II. PURPOSE.  This technical report presents the results from a systematic review of the 
medical and public health literature (1970-2004) describing injuries, injury risk factors, and 
injury prevention strategies related to American football and, more specifically — 
 
 A. Describes the analytic epidemiologic studies identifying risk factors for football 
injuries, and 
 
 B. Presents the evidence supporting or refuting the effectiveness of specific interventions 
to prevent injuries during this sport. 
 
III. AUTHORITY.   
 
 A. Under Army Regulation 40-5 (AR), Preventive Medicine, July 2005 (paragraph 2-19), 
the USACHPPM is responsible for providing support of Army preventive medicine activities, to 
include interpretation of surveillance data, identification of leading health problems, and 
assistance in prevention and control of leading health problems.  
 
 B. This project was initiated under a grant from the U.S. Army Center for Health 
Promotion and Preventive Medicine (USACHPPM) Health Promotion and Prevention Initiatives 
(HPPI) Program.   
 
IV. INTRODUCTION. 
 
 A. According to medical surveillance data and safety reports, sports have historically 
been a leading cause of military hospitalizations and outpatient care231, 232.  Football was 
identified as the second leading cause of sports and physical training-related injury 
hospitalizations for the U.S. Army108. 
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 B. Among civilian populations, football is the most practiced contact sport at both the 
high school and college levels.  It is estimated that 1,500,000 high school and college players 
participate in this sport, sustaining over 350,000 injuries annually7,132.  Among group sports, it 
corresponds to the second leading cause of emergency department treatment in the United States 
population233.   
 
 C. The rates of injuries sustained by college players during games have been high and 
stable since the mid-nineteen-eighties8, except for catastrophic injuries (those involving 
disability at the time of injury) and fatal injuries6.  During games, the injury rates were 37 per 
1,000 athlete-exposures in 1985, and 33 in 2002.  For catastrophic and fatal injuries, the rates 
were respectively 4.0 and 1.3 per 100,000 players in 1985, and 1.3 and 0.0 in 2002.  Among high 
school players, a recent study showed that football presented the highest injury rate of ten 
selected popular sports:  an overall average of 8.1 per 1,000 athlete-exposures, with rates of 5.3 
injuries per 1,000 athlete-exposures during practice sessions, and 26.4 during games158.  
Knowledge of the associated risk factors and intervention strategies to prevent these injuries is 
important to provide guidelines that will make the sport safer. 
 
V. METHODS. 
 
 A.  Search Strategy. 

  1.  Scientific studies published between January 1, 1970 to July 31, 2004 were 
identified by searching the following databases:  Medline, Embase, Cumulative Index to Nursing 
and Allied Health Literature, SPORTDiscus, The Center for Disease Control and Prevention’s 
(CDC) Morbidity and Mortality Weekly Report (MMWR), and Physiotherapy Evidence 
Database.   
 
  2.  The key words were identified a priori, and databases were searched using the 
following terms:  “intervention,” “prevention,” “injury,” and derivations of these (e.g., injuries), 
in conjunction with “ankle injuries,” “knee injuries,” “anterior cruciate ligament (ACL),” 
“medial collateral ligament (MCL),” “athletic,” and “sports”.   
 
  3.  All of the aforementioned terms were combined with “football.”  Further citations 
were identified from the reference lists of retrieved papers and from review papers from 
scientific journals and the Cochrane Collaboration.    

 
 B. Selection Criteria. 
 
  1.  To best characterize the state of the literature regarding football-related injuries, all 
study designs fitting the search criteria were accepted.  Papers were subsequently classified as 
case series or case reports, laboratory studies, descriptive epidemiologic studies, analytic 
epidemiologic studies, intervention studies, or review papers.  Study classification was based on 
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definitions from A Dictionary of Epidemiology107.  The search was restricted to the following 
additional criteria:  
 
  a.  English language. 
 
  b.  Military or civilian populations—high school age and over. 
  c.  Focus on primary prevention. 
 
  d.  Addressing head and neck, knee, and ankle injuries— 
 
  2.  The search focused on knee and ankle football injuries because these injuries 
correspond to the highest rates observed among high school, college132, and military 
populations108.  The search included head and neck injuries, which are among the top ranked 
injuries in these same populations, and are addressed in this review due to the potential severity 
and disability imposed to the players. 
 
  3.  Papers excluded were those focusing exclusively on touch football, flag football, 
rugby, Australian football, and soccer due to equipment use and rule differences. 
 
  4.  Information on the location of the study, population studied, sample size, risk 
factors studied, injury rates or outcomes, and results of statistical significance testing were 
collected from each study.  Meta-analysis of the results was not attempted because of the vast 
differences in the methodological approaches of the studies.  Since the focus of this review is on 
identifying risk factors and preventive strategies, results, tables, and discussion are presented for 
analytic epidemiologic studies and intervention studies only.   
 
  5.  Intervention studies are those involving intentional change in some aspect of the 
status of the subjects by the investigators, as defined in A Dictionary of Epidemiology107.  In 
order to rate the quality of the intervention studies, a scoring system was adapted from Thacker 
et al.194 and applied by three of the authors.  This system comprises study characteristics with 
corresponding scores that total 100 points. 
 
VI. RESULTS.  The literature search identified 224 papers, of which 37 (16 percent) were 
case reports/case series, 51 (23 percent) were descriptive studies, 29 (13 percent) were laboratory 
studies, 69 (31 percent) were reviews, 34 (15 percent) were analytic epidemiologic studies, and 
only 4 (2 percent) were intervention studies (Table B-1).   The review of analytic epidemiologic 
and intervention studies of football injuries showed that most of the research that has been done 
is related to risk factors (intrinsic and extrinsic).  (See Tables B-2 to B-8.)  Accordingly, the 
following synopsis of the literature on football injuries will be categorized based on risk factor 
topics, with intervention studies noted where appropriate.  
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 A. Extrinsic Risk Factor Studies. 
 
  1.  Environmental. 
 

 a.  Surface Type.   
 

 (1)  The debate about football injuries and surface type began with a study by 
Bramwell et al. that evaluated injuries to high school football players34 (Table B-2).  Based on 
information reported by coaches, the authors found a lower overall rate of 0.52 injuries per game 
on natural grass compared with a rate of 0.76 injuries per game on artificial surfaces.  This 
difference was statistically significant (p < 0.01) and was even more pronounced when wetness 
of the playing surface was evaluated.  The injury rates were higher on dry artificial surfaces than 
on wet surfaces (0.93 versus 0.61 injuries per game, respectively), and the authors found that 17 
of the 19 most serious injuries occurred on dry artificial surfaces.  Although the authors did not 
test their hypothesis in a controlled trial, they recommended wetting artificial surfaces prior to 
football play.  Regarding mechanisms of injury, the authors postulated that the traction 
characteristics of the dry artificial surfaces were responsible for an increased injury risk. 

 
  (2)  A study by Bowers evaluated injuries to West Virginia University football 
players.  The author compared injury rates 2 years prior to the installation of an artificial surface 
(1969) with injury rates 2 years after the surface change31 (Table B-2).  A comparison of injury 
rates showed that non-surgical knee injuries increased 50 percent after the surface change.  
During the two consecutive years of spring practices and fall seasons prior to the change, there 
were 13 non-surgical knee injuries, a number that increased to 19 during the same time period 
after the surface change.  Although corresponding statistics were not presented, the author stated 
that age, conditioning, size, previous experience, training methods, and length of practice periods 
did not change over the years and based on these results, concluded that football play on artificial 
surfaces increased injury.  
 

 (3)  Although the classifications of wet and dry surfaces were made crudely, classified 
by touching the ground at the 50-yard line of the field, Adkinson et al. also found a higher 
overall rate of injuries on the artificial surface Astroturf® than on natural grass:  0.63 versus 0.51 
injuries per game11 (Table B-2).  (Astroturf® is a registered trademark of AstroTurf, LLC., 
Dalton, Georgia.)  Moreover, on Astroturf, injury rates were higher on dry surfaces (0.91 injuries 
per game) than on wet ones (0.55 injuries per game).  The authors also argued that cleated shoes 
were generally used on natural turf, while soccer shoes were universally used on synthetic 
surfaces, which could indeed have underestimated the observed injury rate on Astroturf.  The 
authors, however, did not consider shoe type in their analyses.  

 
 (4)  Alles et al., using data from the National Athletic Injury/Illness Reporting System 

(NAIRS), found that the rate of knee sprains per 1,000 athlete exposures was significantly 
associated with play on artificial surfaces17 (Table B-2).  The standardized rate calculation by 
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athlete-exposures was proposed by NAIRS and corresponds to the product of the total number of 
athletes by the total number of practices or games in which the athlete participates.  The authors 
also found a significant association between injuries and surface type, with both knee and ankle 
sprain rates higher on artificial surfaces than on natural grass.  They concluded that the average 
college team could expect one to two additional knee injuries and two ankle injuries if all games 
were played on artificial surfaces.  

 
 (5)  Powell echoed these findings and, using data from the National Football League 

(NFL®) clubs, reported that if an average team played all 20 games on Astroturf, there would be 
roughly two more cases of major injuries than if all games were played on natural grass157 (Table 
B-2).  (NFL® is a registered trademark of the National Football League, Unincorporated 
Association New York, New York.)  For games played on Astroturf, the author found 0.47 knee 
injuries and 0.39 ankle/foot injuries per team-game, compared to 0.40 knee injuries and 0.28 
ankle/foot injuries per team-game on natural grass. 

 
  (6)   One paper did not report an association between injuries and playing surface.  
Nicholas et al. used data from a professional football franchise in New York and, over a 26-year 
period, did not find a statistically significant difference in the mean number of injuries per game 
on artificial and natural surfaces145, although the differences were in the same direction as in 
other studies (Table B-2).  The mean difference for significant injuries per game (player missed 
at least two consecutive games) was 0.11 ± 0.49.  The mean difference for major injuries per 
game (player missed at least eight consecutive games) was 0.13 ± 0.38.  In both cases, higher 
rates were seen on artificial surfaces.  The authors cited limitations in how the types of surfaces 
were classified (i.e., by public relations departments or football staff).   
 

 (7)  A later study of professional football teams in the NFL by Powell and Schootman 
also found that more knee sprains occurred during play on Astroturf160 (Table B-2).  Play on 
Astroturf was associated with a rate of 0.22 ACL or MCL injuries per team game, compared to 
0.20 ACL and MCL injuries per team-game on natural grass.  They also reported that for 
linemen–players starting each play on the line of scrimmage–nearly 43 percent of the MCL 
injuries were directly attributed to play on Astroturf.  
 
  b.  Weather Condition. 
 

 (1)  Orchard and Powell observed that the literature on playing surface and knee and 
ankle injuries did not adequately address weather condition150.  Based on this premise, the 
authors evaluated 10 years of NFL data regarding surface type, knee, and ankle injuries and 
stratified the analysis by weather condition.     

  
 (2)  In Orchard and Powell’s study150 (Table B-2), significant knee sprains (those 

corresponding to at least 7 days missed from game or practice participation) were significantly 
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reduced on grass surfaces on cold and wet days, compared to hot and dry days (relative risk 
(RR)=0.66, 95 percent confidence interval (95% CI) 0.47-0.93).  In the same conditions, there 
was a reduction in significant ankle sprains, although not statistically significant (RR=0.83, 95% 
CI 0.57-1.2).  On open turf, significant knee sprains were reduced on cold and dry days, 
compared to hot and dry days (RR=0.57, 95% CI 0.43-0.76), and so were significant ankle 
sprains (RR=0.67, 95% CI 0.48-0.95).  As expected, games in domes did not present any 
difference in knee and ankle sprains related to weather condition.  The authors concluded that for 
both grass and open turf surfaces, knee and ankle sprains were less likely when temperatures 
were cooler and, especially for grass, other surface characteristics like grass species, shoot 
density, and ground hardness might play a role in the observed outcomes. 
 
  c.  Equipment. 
 
  (1)  Helmets. 
 

 (a)  Five studies evaluated the role of helmets in preventing concussions and cervical 
spine injuries.  First, Robey evaluated the association of mounting type, fit, and condition of 
helmets with concussion rates in a sample of 7,800 high school football players170 (Table B-3). A 
preliminary analysis had shown suspension helmets were more protective than both padded and 
combined padded-suspension helmets.  In the present study, without mentioning other 
confounders, the author found that for suspension helmets, no difference was observed in 
concussion rates related to “fit” or “condition” of the helmet.  For combined padded-suspension 
helmets, the concussion rate per player was 0.03 if the helmet fit was “too large;” 0.06 if the fit 
was “good;” and 0.07 if the fit was “too small.”  For padded helmets, the lowest concussion rates 
were again associated with a fit that was “too large.”  The rate per player was 0.04 if the helmet 
fit was “too large;” 0.08 if the fit was “good;” and 0.13 if the fit was “too small.”  The author 
also discussed the importance of a blow from a helmet as the mechanism responsible for more 
serious injuries in the opponent, or anyone coming in contact with the helmet other than the 
wearer.  Thirty percent of fractures, 48 percent of lacerations, 34 percent of dislocations, 48 
percent of ruptured blood vessels, and 93 percent of internal injuries were caused by this 
mechanism.  The author suggested the importance of evaluating a soft outer covering on football 
headgear, which would reduce frequency and severity of injuries, with regard to both the wearer 
and his opponents. 

 
 (b)  Based on a survey, Mueller and Blyth studied different risk factors associated with 

injuries in 8,776 North Carolina high school students, between 1969 and 1972137 (Table B-3).  
The authors evaluated the following factors:  helmet brand, surface type, cleat type, contact 
program, and prior injury.  Concussion rates per player varied significantly according to the 
different helmet brands; from 0.02 for Rawlings® HC to 0.05 for Southern Athletic®.  
(Rawlings® is a trademark of the Rawlings Sporting Goods Co., Inc., Fenton, Missouri; Southern 
Athletic® is a registered trademark of Southern Atlantic, Inc., Corporation, Knoxville, 
Tennessee.)  Knee and ankle injuries were significantly reduced if the playing surface was 
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properly maintained and if the player wore soccer shoes.  Schools with surfaced fields and where 
players used soccer shoes presented a combined knee and ankle rate per player of 0.12; whereas, 
schools with the same field condition, but where players used regular cleat shoes, presented an 
injury rate of 0.15.  There was also a statistically significant 12 percent reduction in injury rates 
among players under a limited contact program, compared to those under the regular contact 
program.  Finally, participants reporting prior injuries presented a significantly higher injury rate 
(0.62), than those without an injury history (0.44). 

 
 (c)  Clarke and Powell, using data from the National Athletic Injury/Illness Reporting 

System, sought to evaluate the association between helmet type and neurotrauma58 (Table B-3).  
The authors postulated that some helmets might be less likely to protect the head during contact, 
or “causing cervical spine injuries to its wearers by its posterior edge impinging on the cervical 
spine during forced hyperextension.”  Their analysis accounted for 13 different helmet types 
worn by high school and college players at practice sessions and games.  The injury data showed 
that no particular helmet was disproportionately associated with concussions or cervical spinal 
fractures.  

 
 (d)  One study evaluated a polyurethane football helmet cover on the reoccurrence of 

cerebral concussions.  This device would be responsible for decreasing the forces and 
distributing the impact loading over a larger surface area of the skull.  Through a survey 
conducted by the National Athletic Head and Neck Injury Registry, Torg et al. evaluated 119 
football players with a previous history of concussion and who used the helmet cover during the 
seasons of 1992, 1993, or 1994202 (Table B-3).  The reoccurrence rates were 2.4 percent for 
players with one previous concussion, 4.9 percent for two previous concussions, 15.8 percent for 
three previous concussions, and 27.8 percent for four or more previous concussions.  No 
confounders were taken into account in this analysis.  Due to study limitations, the authors found 
the results inconclusive but still suggested the device for use in individuals with one or two prior 
concussion injuries.  

 
  (e)  Marshall et al. aimed to further evaluate the role of helmets and concussions123 
(Table B-3).  The authors compared the role of protective equipment regulations for football 
players versus rugby players.  In football, the head is the sole body region that is fully protected; 
in rugby, protective headgear is not worn.  The head injury rate for football players was one-
tenth that of rugby players (RR=0.11, 95% CI 0.08-0.16), and injuries to the scalp, face, eyes, 
and ears were also substantially lower for football players than for rugby players (RR= 0.014, 
95% CI 0.013-0.015).  In addition, the rate of concussion per 1,000 player-games was 60 percent 
lower for football players:  2.1, versus 5.2 for rugby players.  Based on their findings, the authors 
concluded that the reduced head injuries in football are due to differences in the regulation of 
protective equipment in both sports. 
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  (2)  Knee Braces. 
 
  (a)  The following synthesis of the literature is limited to the studies of prophylactics 
that specifically addressed football play, as opposed to a general investigation of the role of 
preventive braces in sports.   
 

 (b)  Hewson et al.96, Rovere et al.174, Teitz et al.192, Grace et al.89, and Deppen and 
Landfried71, all reported that preventive knee braces were non-effective in decreasing knee injury 
rates when worn (Table B-4).  Hewson et al. presented a medical record review of University of 
Arizona football players over an eight-year period96. The non-braced control period was from 
1977 to 1981.  Beginning in 1981, the Anderson Knee Stabler® was mandated for all games and 
practices for players at greatest risk—defensive linemen, linebackers, and tight ends.  (Anderson 
Knee Stabler® is a registered trademark of Omni Scientific, Inc., Corporation, Lafayette, 
California.)  The data showed no significant difference in knee injury rates in the pre- and post-
brace mandated period (23.9 and 21.4 knee injuries per 100 players per season, respectively).  

 
 (c)  Rovere et al. performed a 4-year study of all Wake Forest University football 
players who also wore the Anderson Knee Stabler174 (Table B-4).  The control period was the 2 
years prior to mandated brace use.  Although the authors did not present any results of 
significance tests, they found MCL injury rates of 4.0/100 players in the non-brace period and 
4.8/100 players in the brace period.  There was also a doubling of the number of knee operations 
performed during the brace period.  Since the authors found that brace use did not significantly 
alter the frequency of MCL injuries by position or player, they concluded that the Anderson 
Knee Stabler was ineffective in preventing injury.  Additionally, there were some reports of leg 
cramping with brace wear.            
 
  (d)  Teitz et al. studied National Collegiate Athletic Association (NCAA®) Division I 
players and found that players who wore knee braces had a significantly higher injury rate than 
players who did not wear knee braces192 (Table B-4).  (NCAA® is a registered trademark of the 
National Collegiate Athletic Association, Unincorporated Association, Indianapolis, Indiana.)   
In 1984, players who wore knee braces had an 11.0 percent injury rate compared with 6.0 
percent for those who did not wear knee braces; in 1985, players who wore knee braces had a 9.4 
percent injury rate compared with 6.4 percent for those who did not wear knee braces.  The 
authors found that player position, playing surface, mechanism of injury, or type of brace did not 
modify the injury rates.  They also found that injury rates among braced players were higher at 
every skill level than rates for non-braced players.  The authors advised against the use of knee 
braces as preventive measures.  
 
  (e)  Brodersen and Symanowski studied the impact of the use of prophylactic double 
upright knee orthosis by Division I collegiate football players from the Iowa State University 
during the period of 1979 to 198736 (Table B-4).  Knee bracing was instituted in 1982.  The 
authors observed a decline in overall knee injuries among the braced players, as well as a shift of 
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moderate and severe knee injury rates to mild ones among them, compared to non-braced 
players.  The overall knee injury rates were 44 percent for non-braced players to 26 percent for 
braced ones.  They concluded that this particular knee-bracing type was beneficial to football 
players. 
 
  (f)  Deppen and Landfried looked at a population of high school football players and 
observed no significant difference over four seasons in the number of injuries sustained by 
players who wore knee braces compared with players who did not71 (Table B-4).  There were 23 
knee injuries in 21,640 player-games and 26 knee injuries in 19,484 player-games among players 
with and without knee braces, respectively.  The lack of a difference was not due to any 
difference in injury severity or mechanisms of injury.  The authors concluded that the findings 
did not support the use of prophylactic knee braces for high school football players.  
 
  (g)  Albright et al. evaluated NCAA Division I data over a 3-year period and found 
that knee injury rates by player position were lower for braced players compared to non-braced 
players16 (Table B-4).  The MCL sprain rates per 100 knee exposures were 0.098 (line), 0.053 
(linebacker/tight end), and 0.036 (skilled) for braced players, versus 0.103, 0.069 and 0.049 
among non-braced players, respectively; but there were no statistically significant differences 
between these groups.  The authors discussed that these results were suggestive but not 
conclusive that preventive knee braces were effective in reducing MCL sprains.       
 
  (h)  There were two intervention studies for knee braces.  Grace et al. studied the 
effectiveness of two types of prophylactic knee braces among high school varsity and junior 
football players during the same season in New Mexico89 (Table B-9).  Players with either 
single-upright and single-hinged braces or single-upright and double-hinged braces were 
matched to non-braced players by height, weight, and playing position.  Players with single-
hinged braces were 3.7 times more likely to sustain a knee injury than non-braced players.  There 
was no statistically significant difference between players that wore double-hinged braces and 
non-braced players.  The authors also observed an increase in the severity of injuries among 
single-hinged braced players, compared to non-braced players.  Additional injuries in the lower 
extremity, including foot and ankle fractures, were observed more frequently among braced 
players compared to non-braced players.  The authors did not recommend either type of 
prophylactic knee brace for use by high school football players. 
 
  (i)  In a randomized controlled trial testing, the effectiveness of prophylactic knee 
braces, Sitler et al. noted a decrease in the frequency and severity of knee injuries with 
prophylactic brace use186 (Table B-9).  This prospective study evaluated 1,396 intramural tackle 
football players at the United States Military Academy (West Point, New York).  There were 700 
non-braced controls and 691 braced players involved.  The results showed a statistically 
significant decrease in the frequency and total number of MCL injuries in braced defensive men 
compared with the controls, but no difference was observed between braced and non-braced 
offensive players.  They also did not find any difference between the players for foot and ankle 
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injuries.  The overall knee injury rates per 1,000 athlete-exposures were 1.50 for braced players 
and 3.40 for controls. 
 
  (3)  Ankle Braces. 
 

 (a)  One study specifically evaluated prophylactic ankle braces in football players.  In 
a retrospective study, Rovere et al. evaluated medical records and found that ankle stabilizers 
were associated with a lower-ankle injury rate than taped ankles:  2.90 and 4.62 per 1,000 player-
games, respectively173 (Table B-4).  Although the injury rates varied by position, the effect was 
consistent across all positions.   

 
 (b)  The athletes in the study preferred ankle stabilizers as opposed to tape for 

prophylactic use.  Low- and high-top football shoes were also evaluated; the ankle injury rates 
were 3.73 and 5.78 per 1,000 player-games for low- and high-top football shoes, respectively. 
The combination that presented the fewest injuries overall was low-top shoes and laced ankle 
stabilizers. 

 
 (4)  Cleats/Shoes.  

  
 (a)  Two analytic studies examined the role of shoe type or design and the risk of 

injury. Torg and Quedenfeld evaluated the effectiveness of a policy that mandated a change in 
the number of cleats on football shoes during the seasons of 1969 and 1970204 (Table B-5).  The 
authors compared knee injuries before the change, when athletes were wearing conventional 
shoes (seven 3/4-inch cleats), to knee injuries when modified shoes were worn (fourteen 3/8-inch 
cleats).  They found a significant reduction in injury rates from 0.33 to 0.17 knee injuries per 
team-game in public high schools, and from 0.58 to 0.24 knee injuries per team-game in Catholic 
high schools.  Tests of statistical significance were not presented.  Based on this pre- and post- 
comparison, the authors emphasized the need for all football players to wear shoes with at least 
14 cleats per shoe, with a minimum cleat-tip diameter of 1/2 inch and a maximum cleat length of 
3/8 inch.     

 
 (b)  Lambson et al. conducted laboratory testing of various shoe types and found a 

greater shoe-surface torsional resistance for the “edge”-cleat design—cleats at the peripheral 
margin of the shoe with a smaller number at the interior105 (Table B-5).  The authors evaluated 
only play-on-grass surfaces and compared edge and non-edge designs.  The results showed a 
statistically significant higher rate of ACL injuries per player in the edge shoes (0.017) compared 
to non-edge (0.005).  Although the authors did not discuss the number of cleats on the shoe, they 
strongly recommended the use of non-edge shoe design for football play.   

 
 (c)  Finally, an intervention study in 1969 evaluated the performance of swivel shoes 

in preventing knee or ankle injuries in high school players during the 1969 season44 (Table B-9). 
The swivel shoe principle was introduced in 1962 in an effort to replace rigid cleating.  Its 
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evolution included movable forefoot cleats mounted upon a 360-degree turntable (a torsion joint) 
that were added to previously-designed cleatless shoes.  This design further reduced fixation to 
the ground, allowing the player to be cleated but relatively protected from injury.  The 466 
players who wore swivel shoes presented a knee injury rate of 2.1 percent and an ankle injury 
rate of 3.0 percent; whereas, the 2,373 players who wore conventional shoes presented knee and 
ankle injury rates of 7.5 and 8.1 percent, respectively.  However, no statistical significance tests 
were presented for these observations.  Agility tests were also performed in the beginning and at 
the end of the season among 512 players who wore either swivel shoes or conventional shoes.  
The authors mentioned that no statistically significant differences were found between these 
groups in terms of function; given that swivel shoes were associated with lower knee and ankle 
rates during the season, the authors recommended their use by football players. 
 
 d.  Behavioral. 
 
  (1)  Spearing Rule Change. 
 
  (a)  Torg et al. presented data that compared football injuries before and after the 
spearing ban, which was the only major change in college and high school football play in 1976, 
according to the authors213 (Table B-6).  With the development of a helmet-face mask system 
that provided protection as a battering ram in blocking, tackling, and butting, use of such 
methods increased; consequently, cervical spine injuries with fracture-dislocations and 
quadriplegia also increased.  As a result, at the conclusion of the 1975 season, both the NCAA 
and the National Federation of State High School Athletic Associations adopted rule changes 
forbidding the aforementioned playing techniques.  This study’s data revealed that after the 
spearing ban, cervical spine injuries occurring during tackling were reduced among college 
football players by nearly 35 percent, from a rate of 30.1 injuries per 100,000 players in 1975 to 
20.3 in 1977.  Permanent quadriplegia, in the same population was reduced from a rate of 5.3 per 
100,000 players in 1975 to 4.0 in 1977. 
 
  (b)  Subsequent work by Torg et al. further supported the long-term benefits of the 
spearing ban215 (Table B-6).  The authors showed that 11 years after the ban, there was a 65 
percent decrease in cervical spine injuries and a 100 percent decrease in permanent quadriplegia 
rates among college players.  Cervical spine injuries were reduced from 30.7 per 100,000 players 
in 1976 to 10.7 in 1987.  Quadriplegia was reduced from 10.7 per 100,000 players in 1976 to 0.0 
in 1987. 
 
 (2)  Training/Conditioning. 
 

 (a)  One intervention study conducted by Cahill and Griffith during an 8-year period 
compared two groups of high school varsity football players with regard to total body preseason 
conditioning42 (Table B-6).  Preseason conditioning programs started 6 weeks before the official 
start date of football practice and consisted of a maximum of three weekly 80-minute sessions of 
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exercises.  The non-conditioned group (control) was evaluated from 1969 to 1972, and the 
conditioned group (study), from 1973 to 1976, right after the beginning of the preseason 
conditioning program among the study population.  Overall, knee injury rates were significantly 
reduced from 6.8 percent to 4.1 percent with preseason conditioning and surgical knee injuries 
from 1.5 percent to 0.6 percent. 
 
  (b)  Later, Cahill et al. retrospectively studied a 12-year period in which high school 
varsity football players underwent three different phases of preseason conditioning (PSC) 
programs:  a no-PSC phase (1969 to 1972), a closely supervised PSC phase (1973 to 1976), and 
a less supervised PSC phase (1977 to 1980)41 (Table B-6).  Injury and injury severity rates were 
compared among the three phases.  The authors observed a reduction in the injury rates as well 
as in the injury severity.  Knee injury rates per 1,000 athletes were 68, 41, and 39 for the first, 
second, and third phases, respectively.  Knee surgery rates per 1,000 athletes were 15, 5, and 2, 
respectively.  The authors concluded that close supervision by a medical staff member is not 
necessary provided that instructors receive adequate orientation. 
 
 e.  Other. 
 
  (1)  Player Position and Play Type. 
 
  (a)  In a demonstration of a multivariate analysis applied to the sports injury field, 
Buckley simultaneously addressed the association of concussion in college football players with 
player position, team (offense/defense), situation (rushing/passing), and activity (block/tackle)40 
(Table B-7).  The highest risk of concussions was during rushing, and the lowest risk was found 
during passing plays regardless of team or activity.  Offensive players involved in a block on a 
rushing play, for example, had an adjusted frequency of 274 concussions during games in 8 years 
of NAIRS observations compared to 18 concussions among defensive players involved in a 
tackle on a passing play. 
 

 (b)  Turbeville et al. carried out a prospective study of high school football players in 
Oklahoma City to study the association between players’ characteristics and injuries219  
(Table B-7).  Controlling for age, body mass index (BMI) school, and coaching experience, the 
predictors for knee-ligament injuries were increasing player’s experience in years (odds radio 
(OR) 1.48, 95 percent CI 1.07-2.06), and linemen position, versus all other positions (OR 3.26, 
95 percent CI 1.15-9.26).  The authors suggested further studies addressing injury prevention for 
linemen players, who presented the highest overall and knee-injury risk, as well as season-ending 
injuries, compared to players at other positions. 

 
 (2)  Exposure Time. 
 
 (a)  Dagiau et al. collected data on injuries as well as exposure time (in seconds) at all 

practice sessions and games at the University of Illinois during the 1976 and 1977 seasons64 
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(Table B-7).  Game-injury data were analyzed according to 3 time intervals of plays:  “low 
exposure” (0 to 125 seconds), “intermediate exposure” (126 to 275 seconds), and “high 
exposure” (276 to 375 seconds).  In both years, the authors observed an inverse relationship 
between exposure time and injuries during games (i.e., a player participating in a game for up to 
125 seconds (approximately up to 25 plays) was more likely to sustain an injury than a player 
participating for at least 276 seconds (approximately 50 plays or more) of a game.   

 
 (b)  Further analysis by player position showed that offensive players were 

concentrated in the “low-exposure” interval.  During practice sessions, a curvilinear relationship 
skewed to the right was observed for the same variables.  Among five 25-minute practice 
intervals, injuries were more concentrated in the third (50 to 75 minutes) and fourth intervals (76 
to 100 minutes) of practice.  The authors suggested the need for more studies addressing 
exposure time to enable coaches to restructure safer practice sessions. 

 
 B. Intrinsic Risk Factor Studies. 
 
  1.  Prior Head or Neck Injuries and Cervical Abnormalities. 
 

 a.  Albright et al. prospectively evaluated 342 college freshman football players for 8 
years at the University of Iowa13 (Table B-8).  They screened participants for history of previous 
head or neck injuries significant enough to have caused a loss of at least one day of participation 
from high school football.  They also screened participants for abnormalities or pathologies of 
the cervical spine through physical examination and x-ray films.   

 
 b.  Freshman players with an abnormal screening were twice as likely as those with 

normal screening to sustain a head or neck injury during their college careers (43 percent versus 
23 percent, respectively).  They also found that freshmen with higher degrees of neck 
abnormalities sustained more severe neck injuries in college (r=0.36, p<0.05), although the same 
relationship was not found for head abnormalities and injuries.  The authors suggested that any 
evidence of abnormality on history or physical examination should be followed up with 
radiographic examination.  Moreover, for players with a previous injury history, total injury 
recovery should be reached prior to the players’ return to action. 

 
 2.  Lower Extremity Joint Characteristics. 
 

  a.  Nicholas physically evaluated the joint laxity of 139 professional players and 
assessed later their knee ligament rupture incidence146 (Table B-8).  Players with three or more 
indices of looseness were seven times more likely to undergo surgery for a ruptured ligament 
than those with less than three indices.  The author recommended stretching exercises for tight-
jointed individuals and strengthening exercises for loose-jointed ones. 
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  b.  Kalenak and Morehouse, through both subjective joint-laxity tests and 
biomechanical knee-ligament evaluations, found that tight-jointed and loose-jointed college 
football players sustained knee-ligament ruptures in almost equal numbers100 (Table B-8).  In 
contrast to Nicholas, the authors suggested that all players, regardless of their joint laxity, should 
participate in strengthening and stretching exercise programs.  
 
  c.  Jackson et al. studied the relationship of physical and psychological traits of West 
Point cadets and California high school football players with the risk of injuries98 (Table B-8).  
No significant associations were found between upper-and lower-extremity injuries and players’ 
joint flexibility in either population group.  Concerning personality traits, injury frequency was 
significantly higher in “tender-minded” high school players than in “tough-minded” ones.  Data 
analyses of these associations were not provided.  The authors proposed future studies to develop 
an injury-profile index including both physical and psychological traits that could help 
counselling athletes for the most adequate sports. 
 

 d.  Woodford-Rogers et al. evaluated the uninjured knee of 14 ACL-injured football 
players and 8 ACL-injured female basketball players and gymnasts regarding their measures of 
navicular drop, calcaneal alignment, and anterior knee-joint laxity, and compared these measures 
with those of 22 athletes without history of ACL injuries, matched by sex, sport, position, and 
level of competition228 (Table B-8).  The former athletes presented greater subtalar pronation and 
anterior knee-joint laxity.  The authors postulated that these factors could be screened and 
addressed by use of appropriate footwear or orthotics, and prescription of knee-muscle 
strengthening, respectively. 
 
  3.  Body Mass Index.   
 
  a.  One study by Gomez et al. evaluated the relationship between BMI and football 
injuries.  Two hundred and fifteen high school football linemen were prospectively followed up 
during 12 weeks after BMI measurements87 (Table B-8).  No significant differences in overall 
injury rates were observed when comparing groups above and at or below various levels of BMI.   
 
  b.  The association was observed, however, for lower-extremity injury rates, with 
higher BMI groups presenting significantly greater rates that increased from 26 kilograms per 
square meter (kg/m2) to 42 kg/m2, except at 34 kg/m2.  For example, the risk ratio of a player 
with a BMI above 28 kg/m2, compared to a player with a BMI at or below 28 kg/m2, was 3.0; 
whereas, the risk ratio with the cut point at 32 kg/m2 was 1.9. 
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VII.  DISCUSSION. 
 
 A. Extrinsic Risk Factors. 
 
  1.  Surface Type, Weather Condition, and Shoes. 
 

 a.  Seven out of eight studies on surface type showed that artificial surfaces are 
associated with higher injury rates, compared with natural grass.  Weather condition and surface 
wetness also seem to influence the association of surface type with lower-extremity injuries.  On 
both natural and artificial surfaces, lower-extremity injuries were less likely when the 
temperature was cooler or the surface wet; proper wetting of the surface may reduce injury risk. 

 
 b. Laboratory tests by Torg et al. suggested that injuries on various surfaces did not 

result simply from the type of playing surface206.  Rather, the release coefficient - a measure for a 
given shoe-surface interface combination - was related to cleat design and condition (wet or dry) 
of the surface, in addition to the surface type.  A study by Torg and Stilwell further revealed that 
ambient temperature also affected the shoe-surface interface friction212.  Although these two 
biomechanical studies were completed in laboratory settings, they offered additional insight into 
the relationship between injury and surface type.  

 
 c. In football, certain types of cleats may be more beneficial than others.  However, 

since only three studies have addressed this issue and two of these studies were conducted in the 
seventies, an evaluation of the differences among modern shoe designs in reducing injury risk is 
needed.  
 
  2.  Helmets.   
 

 a. Traditionally, the effectiveness of helmets for the prevention of head injuries has 
been evaluated in laboratory settings, where leading helmet manufacturers compete for the 
development of improved designs. 

 
 b. For this report, five analytic epidemiology papers were reviewed.  Three studies 

evaluated helmet type on the occurrence of concussions and cervical spine injuries;  one focused 
on the effect of a polyurethane football helmet cover on the reoccurrence of cerebral 
concussions, and the most recent paper evaluated the effectiveness of helmet use on the 
prevention of head and neck injuries, mainly concussions.  This last study, written by Marshall et 
al., was a methodologically-sound paper comparing concussion rate differences between two 
groups123.  It showed that there were more head injuries during contact sport for players who 
were not wearing helmets.  

 
 c. Since the mandatory use of helmets in 1939 by the NCAA and in 1940 by the NFL, 

helmet design has tremendously evolved.  The overall increase in football injuries led to the 
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development of prospectively collected data; the continued increase in head and spinal cord 
injuries led to the implementation of stricter rules in the mid seventies—namely, the spearing 
ban.  The National Operating Committee on Standards for Athletic Equipment was founded in 
1969 and implemented the first safety standards in 1973.  Since then, improved helmet design 
has been tested to meet stricter requirements, such as a high-posterior cut to avoid potential 
cervical injuries and inner suspension systems to distribute forces generated by impact uniformly 
over the head.  Standardized laboratory tests have been performed, which undoubtedly 
contributed to the evolution of football helmets and, ultimately, to the decrease in head injuries. 
It must be pointed out, however, that in real-life settings, impacts occur at various speeds and 
angles and under more complex ways than those tested in laboratory settings.  Therefore, more 
advanced analytical and modeling techniques will have to be developed to adequately assess 
safety in helmet design112. 
 
  3.  Knee and Ankle Braces. 
 

 a. Laboratory studies suggest that braces should prevent lower-extremity injuries.  
Baker et al. tested commercially available preventive knee braces and showed that prophylactic 
braces were able to reduce the abduction angle of the knee that occurs during impact and 
supported their potential role in the prevention of knee injuries22.     

 
 b. Despite these laboratory studies, compelling epidemiologic evidence is lacking 

regarding the effectiveness of prophylactic braces to prevent knee injuries.  Six of eight studies 
that evaluated knee braces found either no statistically significant difference or higher knee-
injury rates among braced players, compared to non-braced players.  One of the two studies that 
supported knee brace use also showed no difference between these groups when evaluating 
offensive players.  
 

  c. Many of the epidemiologic studies have design limitations and biases that make it 
difficult to draw conclusions on prophylactic brace use.  However, the studies seem to indicate 
that the effectiveness of prophylactic knee braces is related to the level of play (e.g., high school, 
college, recreational), the player position, and the type of brace.  It is difficult to make firm 
recommendations on brace use since almost all studies have been completed on college-level 
athletes, and a number of the studies did not disclose the specific type of brace worn.  

 
  d. Further complicating the debate regarding prophylactic brace use is that findings 
vary regarding their effect on performance.  During speed and agility drills, Greene et al. found 
that performance among college football players varied by type of brace90.  Among six different 
knee braces tested, two yielded significantly slower performance during drills, and only one of 
these braces also showed significantly greater medial-lateral migration, when compared with all 
other braces.  Macpherson et al. showed that semi-rigid and soft-shell prophylactic ankle 
stabilizers did not affect performance in male high school football players in tests of vertical 
jump, speed, and agility119.  Wilkerson, based on biomechanical tests of ankle motions before 
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and after taping, showed that a modified ankle-taping method restricted the ankle more than the 
standard-taping method226.  The author stated that the modified method could reduce ankle 
injuries, outweighing any performance decrement caused by it.  

 
  e. The only study on ankle braces found a lower-ankle-injury rate among braced 

players, compared to non-braced ones and also evaluated low- and high-top shoes, with the 
former associated with the lowest injury rates.  Because of the limited testing of ankle stabilizers, 
their use cannot be recommended until further controlled or prospective studies and 
biomechanical testing are completed.        

 
  f. Finally, studies evaluating the effectiveness of braces should be randomized and 

prospective, rather than done in a laboratory setting.  Although useful, the laboratory tests are 
difficult to extrapolate to real settings because they cannot simulate the dynamics of real-life 
impacts. 
 
  4.  Training/Conditioning. 
 
  a. The two studies identified by this systematic review supported total body pre-season 
conditioning for football players. 
 

 b.  Despite the scarcity of studies presented in this section, there seems to be 
agreement in the literature as to the adequacy of full-year programs directed to strengthening and 
conditioning of sports participants in general.132  The lack of these programs may also be viewed 
as a potential risk factor for football injuries, as is suggested by the higher injury rates observed 
in spring practices compared to regular practices among college football players8. 

 
 5.  Other. 
 

  a. Two studies analyzed player position and play type, and one study examined the 
influence of exposure time on the risk of injuries.  In the study by Turbeville employing 
multivariate analysis, linemen were particularly susceptible to injury.  Mueller et al. suggested 
that offensive and defensive linemen are at greatest risk of injury because they are involved in 
contact in every play132; this player position deserves further attention for injury prevention219.  

 
  b.  In Dagiau et al., the study of exposure time showed an interesting relationship 
between exposure and injury;  players participating for shorter periods of time during games 
(approximately up to 25 plays—predominantly offensive players) were at higher risk of injury 
compared to players participating for longer periods of game time (50 plays or more).  
Additionally, injuries during practice were concentrated between 50-100 minutes into practice 
sessions.   
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 B. Intrinsic Risk Factors. 
 

 1.  There are few and variable studies that provide some knowledge on personal 
characteristics, and suggest their association with injury risks.  The only study on cervical 
abnormalities, for example, showed an association with cervical injuries.   

 
 2.  The four studies on the association between joint flexibility and injury risk are 

conflicting; only two studies found an association between lower-extremity flexibility and 
injuries.  It is also of particular note the limited number of analytic studies assessing body mass 
as a potential risk factor for injuries; only the results of one study supported an association 
between higher BMI with lower-extremity injury rates among linemen. 

 
 C. Conclusions and Implications for Prevention. 
 
   1.   The literature search identified 37 case series/case reports, 51 descriptive 
epidemiologic studies, 29 laboratory studies, 34 analytic epidemiologic studies, 69 review 
articles, and 4 intervention trials.  The four intervention trials included two studies of knee 
braces, one study of swivel shoes, and one study of a pre-season conditioning program. 
 
   2.   Few epidemiologic studies of football injuries are recent; of the 34 analytic 
epidemiologic studies published since 1970, only three were published since the year 2000.  The 
most recent intervention trial was conducted in 1990. 
 
   3.   This review found that only a few interventions, such as a rule to ban spearing, 
have scientifically-demonstrated effectiveness in preventing football-related injuries.  However, 
this review identified many studies that suggested potentially effective prevention strategies.  
Measures such as holding games and practices on natural grass surfaces rather than artificial 
grass surfaces (or at least wetting field surfaces regardless of their type), implementing pre-
season conditioning, and using knee and ankle braces deserve future consideration and 
evaluation.  Other prevention strategies (e.g., cleat type, knee braces, ankle braces) suffer from 
too little evidence, discordant study results, and/or inconclusive results due to poor study design.  
Risk factor studies suggest that player position, duration of time on the field during games, and 
length of practice sessions may influence injury risk during football.  Intrinsic factors such as 
pre-existing injury, flexibility extremes (loose- or tight-jointedness), and higher body mass index 
may also increase injury risk.   
 

 4.  Perhaps the most effective intervention strategy to date, the 1976 spearing ban, 
focused on the reduction of catastrophic and fatal injuries in football.  However, non-fatal injury 
rates sustained by college and high school players remain consistently high (33/1,0008 and 
8/1,000161 athlete-exposures, respectively) suggesting that adequate evaluation and 
implementation of evidence-based interventions focused on the reduction of non-fatal injuries is 
greatly needed.  
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 5.  To address these gaps in football-injury-prevention knowledge, a systematic 

approach is needed.  Such an approach would include new studies on the basic descriptive 
epidemiology of football-related injuries; the severity, types, and causes of injuries incurred in 
current football play.  Analytic epidemiologic (risk factor) studies that measure multiple factors 
are needed to identify the most important risk factors.  Future intervention studies should then 
focus on methods to reduce the most important injury types or causes.   
 
  6.  As methodological issues often precluded the usefulness of prior research, future 
studies should also strive to ensure sound epidemiologic methods.  Studies must offer a clear 
description of the study population (e.g., number of players, ages, positions); a description of 
exposures in more detail (e.g., length of season, number and duration of practices, number of 
games in regular and post seasons); inclusion of confounders (e.g., player conditioning, prior 
injury) in analyses; a clear definition of outcomes (e.g., injury type, data sources for injuries); 
and presentation of meaningful injury rates, with denominators such as athlete-exposures, or 
rates per specified number of players per week, month, or season.  
 
  7.  In summary, effective interventions to control football-related injuries exist and 
should be implemented, particularly during contact football (e.g., helmets, spearing ban).  Other 
injury prevention strategies (e.g., pre-season conditioning) have less evidence of effectiveness, 
but deserve consideration and evaluation.  Certain interventions (e.g., knee and ankle braces, 
modern cleat designs) require further study.  Identification and testing of additional strategies to 
prevent non-fatal injuries is needed. 
 
VIII. POINT OF CONTACT.  Refer questions regarding this report to Dr. Michelle Canham 
Chervak at (410) 436-1377/3534 or by e-mail, Michelle.Chervak@us.army.mil. 
 
 
 
 
 DR. MICHELLE CANHAM CHERVAK 
 Injury Prevention Program 
  
Approved: 
 
 
 
 
DR. BRUCE JONES 
Program Manager 
Injury Prevention 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-1 

APPENDIX A 
 

REFERENCES 
 
1.    American Academy of Pediatrics Committee on Sports Medicine: Knee brace use by 
athletes.  1990.  Pediatrics 85(2):228. 
 
2.    Evaluation of the use of braces to prevent injury to the knee in collegiate football players.  
1987.  J Bone Joint Surg Am 69(9):1467-1470. 
 
3.    Football-related spinal cord injuries among high school players–Louisiana, 1989.  1990.  
Morb Mortal Wkly Rep (MMWR) 39(34):586-587.   
 
4.    Football season approaches: are we doing enough to prevent cervical injuries?  1980.  J Iowa 
Med Soc 70(8):351-352. 
 
5.    Football-related spinal cord injuries among high school players–Louisiana, 1989.  From the 
Centers for Disease Control.  1990.  JAMA 264(12):1520. 
 
6.    National Center for Catastrophic Sport Injury Research.  2004. 
 
7.    National Electronic Injury Surveillance System (NEISS).  2005.  Estimates for Sports 
Injuries 1998.  National Injury Information Clearinghouse, U.S. Consumer Product Safety 
Commission, Washington, DC.   
 
8.    Sports-related recurrent brain injuries–United States.  1997.  MMWR 46(10):224-227. 
 
9.    The National Collegiate Athletic Association (NCAA) Injury Surveillance System (ISS) 
2002 Report.  2004.    
 
10.   Adickes, M.S., Stuart, M.J.  2004.  “Youth football injuries.”  Sports Med 34(3):201-207. 
 
11.   Adkison, J.W., Requa, R.K., Garrick, J.G.  1974.  “Injury rates in high school football. A 
comparison of synthetic surfaces and grass fields.”  Clin Orthop Relat Res 99:131-136. 
 
12.   Albright, J.A.  1976.  “Cervical spine injuries in football.”  Conn Med 40(10):677-679. 
 
13.   Albright, J.P., McAuley, E., Martin, R.K., Crowley, E.T., Foster, D.T.  1985.  “Head and 
neck injuries in college football: an eight-year analysis.”  Am J Sports Med 13(3):147-152. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-2 

14.   Albright, J.P., Moses, J.M., Feldick, H.G., Dolan, K.D., Burmeister, L.F.  1976.  “Nonfatal 
cervical spine injuries in interscholastic football.”  JAMA 236(11):1243-1245. 
 
15.   Albright, J.P., Powell, J.W., Smith, W., Martindale, A., Crowley, E., Monroe, J., Miller, R., 
Connolly, J., Hill, B.A., Miller, D.  1994.  “Medial collateral ligament knee sprains in college 
football. Brace wear preferences and injury risk.”  Am J Sports Med 22(1):2-11. 
 
16.   Albright, J.P., Powell, J.W., Smith, W., Martindale, A., Crowley, E., Monroe, J., Miller, R., 
Connolly, J., Hill, B.A., Miller, D.  1994.  “Medial collateral ligament knee sprains in college 
football. Effectiveness of preventive braces.”  Am J Sports Med 22(1):12-18.   
 
17.   Alles, W.F., Powell. J.W., Buckley, W., et al.  1979. “ The National Athletic Injury/Illness 
Reporting System 3-year findings of high school and college football injuries.”  The Journal of 
Orthopaedic and Sports Physical Therapy 1(2):103-108.   
 
18.   Alves, W.M., Rimel, R.W., Nelson, W.E.  1987.  “University of Virginia prospective study 
of football-induced minor head injury: status report.”  Clin Sports Med 6(1):211-218. 
 
19.   Andersen-Ranberg, F., Hejgaard, N.  1986.  “Ruptured semimembranosus bursa–an unusual 
complication following sports injury of the knee.”  Br J Sports Med 20(1):23-24.   
 
20.   Axe, M.J., Newcomb, W.A., Warner, D.  1991.  “Sports injuries and adolescent athletes.”  
Del Med J 63(6):359-363. 
 
21.   Baker, B.E., Peckham, A.C., Pupparo, F., Sanborn, J.C.  1985.  “Review of meniscal injury 
and associated sports.”  Am J Sports Med 13(1):1-4. 
 
22.   Baker, B.E., VanHanswyk, E., Bogosian, S.P., Werner, F.W., Murphy, D.  1989.  “The 
effect of knee braces on lateral impact loading of the knee.”  Am J Sports Med 17(2):182-186.  
 
23.   Baltzer, A.W., Ghadamgahi, P.D., Granrath, M., Possel, H.J.  1997.  “American football 
injuries in Germany. First results from Bundesliga football.”  Knee Surg Sports Traumatol 
Arthrosc 5(1):46-49. 
 
24.  Banerjee, R., Palumbo, M.A., Fadale, P.D.  2004.  “Catastrophic cervical spine injuries in 
the collision sport athlete, part 1: epidemiology, functional anatomy, and diagnosis.”  Am J 
Sports Med 32:1077-1087. 
 
25.   Bernhardt, D.T.  2000.  “Football: a case-based approach to mild traumatic brain injury.”  
Pediatr Ann 29(3):172-176. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-3 

26.   Bernsen, H.J., Koetsveld, A., Frenken, C.W., van Norel, G.J.  2000.  “Neuropraxia of the 
cervical spinal cord following cervical spinal cord trauma: a report of five patients.”  Acta Neurol 
Belg 100(2):91-95. 
 
27.   Bishop, P.J.  1996.  “Factors related to quadriplegia in football and the implications for 
intervention strategies.”  Am J Sports Med 24(2):235-239. 
 
28.   Bishop, P.J., Norman, R.W., Kozey, J.W.  1984.  “An evaluation of football helmets under 
impact conditions.”  Am J Sports Med 12(3):233-236. 
 
29.   Boockvar, J.A., Durham, S.R., Sun, P.P.  2001.  “Cervical spinal stenosis and sports-related 
cervical cord neurapraxia in children.”  Spine 26(24):2709-2712. 
 
30.   Booher, M.A., Wisniewski, J., Smith, B.W., Sigurdsson, A.  2003.  “Comparison of 
reporting systems to determine concussion incidence in NCAA Division I collegiate football.”  
Clin J Sport Med 13(2):93-95. 
 
31.   Bowers, K.D., Jr.  1973.  “Ankle and knee injuries at West Virginia University before and 
after Astroturf.”  W V Med J 69(1):1-3. 
 
32.   Boytim, M.J., Fischer, D.A., Neumann, L.  1991.  “Syndesmotic ankle sprains.”  Am J 
Sports Med 19(3): 294-298. 
 
33.   Bradley, J.P., Klimkiewicz, J.J., Rytel, M.J., Powell, J.W.  2002.  “Anterior cruciate 
ligament injuries in the National Football League: epidemiology and current treatment trends 
among team physicians.”  Arthroscopy 18(5): 502-509. 
 
34.   Bramwell, S.T., Requa, R.K., Garrick, J.G.  1972.  “High school football injuries: a pilot 
comparison of playing surfaces.”  Med Sci Sports 4(3):166-169. 
 
35.   Breslow, M.J., Rosen, J.E.  2000.  “Cervical spine injuries in football.”  Bull Hosp Jt Dis 
59(4):201-210. 
 
36.   Brodersen, M.P., Symanowski, J.T.  1993.  “Use of a double upright knee orthosis 
prophylactically to decrease severity of knee injuries in football players.”  Clin J Sport Med 
3:31-35. 
 
37.   Brooks, W.H., Young, A.B.  1976.  “High school football injuries: prevention of injury to 
the central nervous system.”  South Med J 69(10):1258-1260. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-4 

38.   Brown, R.L., Brunn, M.A., Garcia, V.F.  2001.  “Cervical spine injuries in children: a 
review of 103 patients treated consecutively at a level 1 pediatric trauma center.”  J Pediatr Surg 
36(8):1107-1114. 
 
39.   Bruce, D.A., Schut, L., Sutton, L.N.  1982.  “Brain and cervical spine injuries occurring 
during organized sports activities in children and adolescents.”  Clin Sports Med 1(3):495-514. 
 
40.   Buckley, W.E.  1988.  “Concussions in college football. A multivariate analysis.”  Am J 
Sports Med 16(1):51-56. 
 
41.   Cahill, B.R., Griffith, E.H., Sunderlin, J., Madden, T., Weltman, A.  1984.  “Effect of 
preseason conditioning. High school football knee injuries.”  IMJ III Med J 166(5):356-358. 
 
42.   Cahill, B.R., Griffith, E.H.  1978.  “Effect of preseason conditioning on the incidence and 
severity of high school football knee injuries.”  Am J Sports Med 6(4):180-184. 
 
43.   Calvano, N.J., Berger, R.E.  1979.  “Effects of selected test variables on the evaluation of 
football helmet performance.”  Med Sci Sports 11(3):293-301. 
 
44.   Cameron, B.M., Davis, O.  1973.  “The swivel football shoe: a controlled study.”  J Sports 
Med 1(2):16-27. 
 
45.   Canale, S.T., Cantler, E.D., Jr., Sisk, T.D., Freeman, B.L, III.  1981.  “A chronicle of 
injuries of an American intercollegiate football team.”  Am J Sports Med 9(6):384-389. 
 
46.   Cantu, R.C.  1988.  “Head and spine injuries in the young athlete.”  Clin Sports Med 
7(3):459-472. 
 
47.   Cantu, R.C.  1997.  “Athletic head injuries.”  Clin Sports Med 16(3):531-542. 
 
48.   Cantu, R.C.  1998.  “Second-impact syndrome.”  Clin Sports Med 17(1):37-44. 
 
49.   Cantu, R.C.,  2003.  “Recurrent athletic head injury: risks and when to retire.”  Clin Sports 
Med 22(3):593-603, x.  
 
50.   Cantu, R.C., Mueller, F.O.  1990.  “Catastrophic spine injuries in football (1977-1989).”  J 
Spinal Disord 3(3):227-231. 
 
51.   Cantu, R.C., Mueller, F.O.  2000.  “Catastrophic football injuries: 1977-1998.”  
Neurosurgery 47(3):673-675.  
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-5 

52.   Cantu, R.C., Mueller, F.O.  2003.  “Brain injury-related fatalities in American football, 
1945-1999.”  Neurosurgery 52(4):846-852. 
 
53.   Cantu, R.C., Mueller, F.O.  2003.  “Catastrophic spine injuries in American football, 1977-
2001.”  Neurosurgery 53(2):358-362. 
 
54.   Carroll, M.J.   1995.  “Fracture dislocation of the ankle in a high school football player: a 
case study.”  J Sport Rehabil 4:54-58.   
 
55.   Cawley, P.W., Heidt, R.S., Jr., Scranton, P.E., Jr., Losse, G.M., Howard, M.E.  2003.  
“Physiologic axial load, frictional resistance, and the football shoe-surface interface.”  Foot 
Ankle Int 24(7):551-556. 
 
56.   Cheng, T.L., Fields, C.B., Brenner, R.A., Wright, J.L., Lomax, T., Scheidt, P.C.  2000.  
“Sports injuries: An important cause of morbidity in urban youth. District of Columbia 
Child/Adolescent Injury Research Network.”  Pediatrics 105(3):E32. 
 
57.   Clarke, K.S.  1998.  “Epidemiology of athletic neck injury.”  Clin Sports Med 17(1):83-97. 
 
58.   Clarke, K.S., Powell, J.W.  1979.  “Football helmets and neurotrauma–an epidemiological 
overview of three seasons”  Med Sci Sports 11(2):138-145. 
 
59.   Coleman, A.E., Mortagy, A.K.  1973.  “Ambient head temperature and football helmet 
design.”  Med Sci Sports 5(3):204-208. 
 
60.   Cooper, M.T., McGee, K.M., Anderson, D.G.  2003.  “Epidemiology of athletic head and 
neck injuries.”  Clin Sports Med 22(3):427-43, vii. 
 
61.   Crisp, T.  1995.  “Football injuries: tackling the damage.”  Practitioner 239:703-709. 
 
62.   Cross, K.M., Serenelli, C.  2003.  “Training and equipment to prevent athletic head and 
neck injuries.”  Clin Sports Med 22(3):639-667. 
 
63.   Culpepper, M.I., Niemann, K.M.  1983.  “High school football injuries in Birmingham, 
Alabama.”  South Med J 76(7):873-875, 878. 
 
64.   Dagiau, R.F., Dillman, C.J., Milner, E.K.  1980.  “Relationship between exposure time and 
injury in football.”  Am J Sports Med 8(4):257-260. 
 
65.   Daley, B.J., Ralston, J.L., Brown, T.D., Brand, R.A.  1993.  “A parametric design 
evaluation of lateral prophylactic knee braces.”  J Biomech Eng 115(2):131-136. 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-6 

 
66.   Damore, D.T., Metzl, J.D., Ramundo, M., Pan, S., Van Amerongen, R.  2003.  “Patterns in 
childhood sports injury.”  Pediatr Emerg Care 19(2):65-67. 
 
67.   Davis, P.M., McKelvey, M.K.  1998.  “Medicolegal aspects of athletic head injury.”  Clin 
Sports Med 17(1):71-82. 
 
68.   Delaney, J.S.  2004.  “Head injuries presenting to emergency departments in the United 
States from 1990 to 1999 for ice hockey, soccer, and football.”  Clin J Sport Med 14(2):80-87. 
 
69.   DeLee, J.C., Farney, W.C.  1992.  “Incidence of injury in Texas high school football.”  Am 
J Sports Med 20(5):575-580. 
 
70.   Demorest, R.A., Landry, G.L.  2003.  “A football player with a concussion.”  Pediatr Case 
Rev 3(3):127-140. 
 
71.   Deppen, R.J., Landfried, M.J.  1994.  “Efficacy of prophylactic knee bracing in high school 
football players.”  J Orthop Sports Phys Ther 20(5):243-246. 
 
72.   Dolan, K.D., Feldick, H.G., Albright, J.P., Moses, J.M.  1975.  “Neck injuries in football 
players.”  Am Fam Physician 12(6):86-91. 
 
73.   Doughtie, M.  1999.  “Syndesmotic ankle sprains in football: a survey of National Football 
League Athletic Trainers.”   J Athl Train 34(1): 15-18.  
 
74.   DuRant, R.H., Pendergrast, R.A., Seymore, C., Gaillard, G., Donner, J.  1992.  “Findings 
from the preparticipation athletic examination and athletic injuries.”  Am J Dis Child 146(1):85-
91. 
 
75.   Endean, T., King, W., Martin, H.R.  2003.  “Syndesmotic rupture without ankle fracture. A 
report of two cases in professional football players.”  J Am Podiatr Med Assoc 93(4):336-339. 
 
76.   Falk V.S.  1979.  “Football injuries.”  Wis Med J 78(5):7 
 
77.   Fumich, R.M., Ellison, A.E., Guerin, G.J., Grace, P.D.  1981.  “The measured effect of 
taping on combined foot and ankle motion before and after exercise.”  Am J Sports Med 
9(3):165-170. 
 
78.   Funk, F.F., Wells, R.E.  1975.  “Injuries of the cervical spine in football.”  Clin Orthop 
Relat Res (109):50-58. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-7 

79.   Garrick, J.G., Requa, R.K.  1987.  “Prophylactic knee bracing.”  Am J Sports Med 
15(5):471-476. 
 
80.   Garrick, J.G., Requa, R.K.  1988.  “Prophylactic knee bracing.”  Am J Sports Med  
16 Suppl 1:S118-S123. 
 
81.   Gerberich, S.G., Priest, J.D., Boen, J.R., Straub, C.P., Maxwell, R.E.  1983.  “Concussion 
incidences and severity in secondary school varsity football players.”  Am J Public Health 
73(12):1370-1375. 
 
82.   Gerberich, S.G., Priest, J.D., Grafft, J., Siebert, R.C.  1982.  “Injuries to the brain and spinal 
cord--assessment, emergency care, and prevention.”  Minn Med 65(11):691-696. 
 
83.   Gibbs, R.W.  1970.  “A nine-year study of football-incurred knee injuries at Harvard, 
testing the validity of the Hanley heel concept.”  J Am Coll Health Assoc 18(5):345-346. 
 
84.   Gieck, J., McCue, F.C., III.  1980.  “Fitting of protective football equipment.”  Am J Sports 
Med 8(3):192-196. 
 
85.   Glick, J.M., Gordon, R.B., Nishimoto, D.  1976.  “The prevention and treatment of ankle 
injuries.”  Am J Sports Med 4(4):136-141. 
 
86.   Goldsmith, W.  2001.  “The state of head injury biomechanics: past, present, and future: 
part 1.”  Crit Rev Biomed Eng 29(5-6):441-600. 
 
87.   Gomez, J.E., Ross, S.K., Calmbach, W.L., Kimmel, R.B., Schmidt, D.R., Dhanda, R.  1998.  
“Body fatness and increased injury rates in high school football linemen.”  Clin J Sport Med 
8(2):115-120. 
 
88.   Gorden, J.A., Straub, S.J., Swanik, C.B., Swanik, K.A.  2003.  “Effects of football collars 
on cervical hyperextension and lateral flexion.”  J Athl Train 38(3):209-215. 
 
89.   Grace, T.G., Skipper, B.J., Newberry, J.C., Nelson, M.A., Sweetser, E.R., Rothman, M.L.  
1988.  “Prophylactic knee braces and injury to the lower extremity.”  J Bone Joint Surg Am 
70(3):422-427. 
 
90.   Greene, D.L., Hamson, K.R., Bay, R.C., Bryce, C.D.  2000.  “Effects of protective knee 
bracing on speed and agility.”  Am J Sports Med 28(4):453-459. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-8 

91.   Guskiewicz, K.M., McCrea, M., Marshall, S.W., Cantu, R.C., Randolph, C., Barr, W., 
Onate, J.A., Kelly, J.P.  2003.  “Cumulative effects associated with recurrent concussion in 
collegiate football players: the NCAA Concussion Study.”  JAMA 290(19):2549-2555. 
 
92.   Guskiewicz, K.M., Weaver, N.L., Padua, D.A., Garrett, W.E., Jr.  2000.  “Epidemiology of 
concussion in collegiate and high school football players.”  Am J Sports Med 28(5):643-650. 
 
93.   Halpern, B., Thompson, N., Curl, W.W., Andrews, J.R., Hunter, S.C., Boring, J.R.  1988.  
“High school football injuries: identifying the risk factors.”  Am J Sports Med 16 Suppl 1:S113-
S117. 
 
94.   Hardin, G.T., Farr, J., Stiene, H.A.  1993.  “Prophylactic knee braces for football: do they 
work?”  Indiana Med 86(4):308-311. 
 
95.   Heck, J.F., Clarke, K.S., Peterson, T.R., Torg, J.S., Weis, M.P.  2004.  “National Athletic 
Trainers' Association Position Statement: Head-Down Contact and Spearing in Tackle Football.”  
J Athl Train 39(1):101-111. 
 
96.   Hewson, G.F., Jr., Mendini, R.A., Wang, J.B.  1986.  “Prophylactic knee bracing in college 
football.”  Am J Sports Med 14(4):262-266. 
 
97.   Hodgson, V.R.  1975.  “National Operating Committee on Standards for Athletic 
Equipment football helmet certification program.”  Med Sci Sports 7(3):225-232. 
 
98.   Jackson, D.W., Jarrett, H., Bailey, D., Kausek, J., Swanson, J., Powell, J.W.  1978.  “Injury 
prediction in the young athlete: a preliminary report.”  Am J Sports Med 6(1):6-14. 
 
99.   Johnson, G.R., Dowson, D., Wright, V.  1976.  “Ankle loading and football boots.”  
Rheumatol Rehabil 15(3):194-196. 
 
100.  Kalenak, A., Morehouse, C.A.  1975.  “Knee stability and knee ligament injuries.”  JAMA 
234(11):1143-1145. 
 
101.  Karpakka, J.  1993.  “American football injuries in Finland.”  Br J Sports Med 27:135-137. 
 
102.  Kaut, K.P., DePompei, R., Kerr, J., Congeni, J.  2003.  “Reports of head injury and 
symptom knowledge among college athletes: implications for assessment and educational 
intervention.”  Clin J Sport Med 13(4):213-221. 
 
103.  Kersey, R.D.  1998.  “Acute subdural hematoma after a reported mild concussion: a case 
report.”  J Athl Train 33(3):264-268. 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-9 

 
104.  Kraus, J.F., Conroy, C.  1984.  “Mortality and morbidity from injuries in sports and 
recreation.”  Ann Rev Public Health 5:163-192.    
 
105.  Lambson, R.B., Barnhill, B.S., Higgins, R.W.  1996.  “Football cleat design and its effect 
on anterior cruciate ligament injuries. A three-year prospective study.”  Am J Sports Med 
24(5):155-159. 
 
106.  Larson, R.L., Osternig, L.R.  1974.  “Traumatic bursitis and artificial turf.”  J Sports Med 
2(4):183-188. 
 
107.  Last, J.M.  1995.  A Dictionary of Epidemiology.  Oxford University Press, New York. 
 
108.  Lauder, T.D., Baker, S.P., Smith, G.S., Lincoln, A.E.  2000.  “Sports and physical training 
injury hospitalizations in the army.”  Am J Prev Med 18(3 Suppl):118-128. 
 
109.  Lawrence, D.W., Stewart, G.W., Christy, D.M., Gibbs, L.I., Ouellette, M.  1997.  “High 
school football-related cervical spinal cord injuries in Louisiana: the athlete's perspective.”  J La 
State Med Soc 149(1):27-31. 
 
110.  Lehman, L.B., Ravich, S.J.  1990.  “Closed head injuries in athletes.”  Clin Sports Med 
9(2):247-261. 
 
111.  Levy, I.M., Skovron, M.L., Agel, J.  1990.  “Living with artificial grass: a knowledge 
update. Part 1: Basic science.”  Am J Sports Med 18(4):406-412. 
 
112.  Levy, M.L., Ozgur, B.M., Berry, C., Aryan, H.E., Apuzzo, M.L.  2004.  “Birth and 
evolution of the football helmet.”  Neurosurgery 55(3):656-661. 
 
113.  Lewis, L.M., Naunheim, R., Standeven, J., Lauryssen, C., Richter, C., Jeffords, B.  2001.  
“Do football helmets reduce acceleration of impact in blunt head injuries?”  Acad Emerg Med 
8(6):604-609. 
 
114.  Liggett, C.L., Tandy, R.D., Young, J.C.  1995.  “The effects of prophylactic knee bracing 
on running gait.”  J Athl Train 30(2):159-161. 
 
115.  Lindsay, K.W., McLatchie, G., Jennett, B.  1980.  “Serious head injury in sport.”  Br Med J 
281(6243):789-791. 
 
116.  Litt, D.W.  1995.  “Acute subdural hematoma in a high school football player.”  J Athl 
Train 30(1):69-71. 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-10 

 
117.  Logan, S.M., Bell, G.W., Leonard, J.C.  2001.  “Acute subdural hematoma in a high school 
football player after 2 unreported episodes of head trauma: a case report.”  J Athl Train 
36(4):433-436. 
 
118.  MacKay, M., Scanlan, A., Olsen, L., Reid, D., Clark, M., McKim, K., Raina, P.  2004.  
“Looking for the evidence: a systematic review of prevention strategies addressing sport and 
recreational injury among children and youth.”  J Sci Med Sport 7(1):58-73. 
 
119.  Macpherson, K., Sitler, M., Kimura, I., Horodyski, M.  1995.  “Effects of a semirigid and 
softshell prophylactic ankle stabilizer on selected performance tests among high school football 
players.”  J Orthop Sports Phys Ther 21(3):147-152. 
 
120.  Maroon, J.C.  1981.  “Catastrophic neck injuries from football in Western Pennsylvania.”  
Phys Sports Med 9:83-86. 
 
121.  Maroon, J.C., Healion, T.  1970.  “Head and neck injuries in football.”  J Indiana State 
Med Assoc 63(9):995-999. 
 
122.  Maroon, J.C., Steele, P.B., Berlin, R.  1980.  “Football head and neck injuries--an update.”  
Clin Neurosurg 27:414-429. 
 
123.  Marshall, S.W., Waller, A.E., Dick, R.W., Pugh, C.B., Loomis, D.P., Chalmers, D.J.  2002.  
“An ecologic study of protective equipment and injury in two contact sports.”  Int J Epidemiol 
31(3):587-592. 
 
124.  Marzo, J.M, Simmons, E.H., Whieldon, T.J.  1991.  “Neck injuries to high school football 
players in western New York State.”  N Y State J Med 91(2):46-49. 
 
125.  McCluskey, G.M., Blackburn, T.A., Jr., Lewis, T.  1976.  “Prevention of ankle sprains.”  
Am J Sports Med 4(4):151-157. 
 
126.  McCormack, R.G., Dryden, P.J.  1998.  “Simultaneous rupture of the anterior cruciate 
ligament and patellar tendon.”  Clin J Sport Med 8(4):307-309. 
 
127.  McCrea, M., Hammeke, T., Olsen, G., Leo, P., Guskiewicz, K.  2004.  “Unreported 
concussion in high school football players: implications for prevention.”  Clin J Sport Med 
14(1):13-17. 
 
128.  McIntosh, A.S., McCrory, P.  2000.  “Impact energy attenuation performance of football 
headgear.”  Br J Sports Med 34(5):337-341. 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-11 

 
129.  Metzl, J.D.  1999.  “Sports-specific concerns in the young athlete: football.”  Pediatr 
Emerg Care 15(5):363-367. 
 
130.  Millet, C., Drez, D., Jr.  1987.  “Knee braces.”  Orthopedics 10(12):1777-1780. 
 
131.  Moon, D.W., Beedle, C.W., Kovacic, C.R.  1971.  “Peak head acceleration of athletes 
during competition--football.”  Med Sci Sports 3(1):44-50. 
 
132.  Mueller, F., Zemper, E.D., Peters, A.  1996.  “American Football,” pp. 41-62 in Caine, 
D.J., Caine, C.G., Lindner, K.J. (eds), Epidemiology of Sports Injuries.  Human Kinetics, 
Champaign, Illinois. 
 
133.  Mueller, F., Blyth, C.  1982.  “Epidemiology of sports injuries in children.”  Clin Sports 
Med 1(3):343-352. 
 
134.  Mueller, F.O.  1998.  “Fatalities from head and cervical spine injuries occurring in tackle 
football: 50 years' experience.”  Clin Sports Med 17(1):169-182. 
 
135.  Mueller, F.O.  2001.  “Catastrophic head injuries in high school and collegiate sports.”   
J Athl Train 36(3):312-315. 
 
136.  Mueller, F.O.  2001.  “Sports related head and brain trauma.”  N C Med J 62(6):368-372. 
 
137.  Mueller, F.O., Blyth, C.S.  1974.  “North Carolina high school football injury study: 
equipment and prevention.”  J Sports Med 2(1):1-10. 
 
138.  Mueller, F.O., Blyth, C.S.  1987.  “Fatalities from head and cervical spine injuries 
occurring in tackle football: 40 years' experience.”  Clin Sports Med 6(1):185-196. 
 
139.  Mueller, F.O., Cantu, R.C.  1990.  “Catastrophic injuries and fatalities in high school and 
college sports, fall 1982-spring 1988.”  Med Sci Sports Exerc 22(6):737-741. 
 
140.  Mueller, F.O., Cantu, R.C.  1991.  “The annual survey of catastrophic football injuries: 
1977-1988.”  Exerc Sport Sci Rev 19:261-312. 
 
141.  Muller, L.P., Rudig, L., Kreitner, K.F., Degreif, J.  1996.  “Hypothenar hammer syndrome 
in sports.”  Knee Surg Sports Traumatol Arthrosc 4(3):167-170. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-12 

142.  Myers, T.J., Yoganandan, N., Sances, A., Jr., Pintar, F.A., Reinartz, J., Battocletti, J.H.  
1993.  “Energy absorption characteristics of football helmets under low and high rates of 
loading.”  Biomed Mater Eng 3(1):15-24. 
 
143.  Naunheim, R., McGurren, M., Standeven, J., Fucetola, R., Lauryssen, C., Deibert, E.  2002.  
“Does the use of artificial turf contribute to head injuries?”  J Trauma 53(4):691-694. 
 
144.  Naunheim, R.S., Standeven, J., Richter, C., Lewis, L.M.  2000.  “Comparison of impact 
data in hockey, football, and soccer.”  J Trauma 48(5):938-941. 
 
145.  Nicholas, J.A., Rosenthal, P.P., Gleim, G.W.  1988.  “A historical perspective of injuries in 
professional football. Twenty-six years of game-related events.”  JAMA 260(7):939-944. 
 
146.  Nicholas, J.A.  1970.  “Injuries to knee ligaments. Relationship to looseness and tightness 
in football players.”  JAMA 212(13):2236-2239. 
 
147.  Nigg, B.M., Segesser, B.  1988.  “The influence of playing surfaces on the load on the 
locomotor system and on football and tennis injuries.”  Sports Med 5(6):375-385. 
 
148.  Okihiro, M.M., Taniguchi, R., Goebert, H.W.  1975.  “Football injuries of the cervical 
spine and cord.”  Hawaii Med J 34(5):171-174. 
 
149.  Orchard, J.  2002.  “Is there a relationship between ground and climatic conditions and 
injuries in football?”  Sports Med 32(7):419-432. 
 
150.  Orchard, J.W., Powell, J.W.  2003.  “Risk of knee and ankle sprains under various weather 
conditions in American football.”  Med Sci Sports Exerc 35(7):1118-1123. 
 
151.  Parkkari, J., Kujala, U.M., Kannus, P.  2001.  “Is it possible to prevent sports injuries? 
Review of controlled clinical trials and recommendations for future work.”  Sports Med 
31(14):985-995. 
 
152.  Pearl, A.J., Mayer, P.W.  1979.  “Neck motion in the high school football player. 
Observations and suggestions for diminishing stresses on the neck.”  Am J Sports Med 7(4):231-
233. 
 
153.  Pellman, E.J., Viano, D.C., Tucker, A.M., Casson, I.R.  2003.  “Concussion in professional 
football: location and direction of helmet impacts-Part 2.”  Neurosurgery 53(6):1328-1340. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-13 

154.  Pellman, E.J., Viano, D.C., Tucker, A.M., Casson, I.R., Waeckerle, J.F.  2003.  
“Concussion in professional football: reconstruction of game impacts and injuries.”  
Neurosurgery 53(4):799-812. 
 
155.  Poindexter, D.P., Johnson, E.W.  1984.  “Football shoulder and neck injury: a study of the 
‘stinger’.”  Arch Phys Med Rehabil 65(10):601-602. 
 
156.  Porter, C.D.  1999.  “Football injuries.”  Phys Med Rehabil Clin N Am 10(1):95-115. 
 
157.  Powell, J.W.  1987.  “Incidence of injury associated with playing surfaces in the National 
Football League 1980-1985.”  Athletic Training 22(3): 202-206. 
 
158.  Powell, J.W., Barber-Foss, K.D.  1999.  “Injury patterns in selected high school sports: a 
review of the 1995-1997 seasons.”  J Athl Train 34(3):277-284. 
 
159.  Powell, J.W., Barber-Foss, K.D.  1999.  “Traumatic brain injury in high school athletes.”  
JAMA 282(10):958-963. 
 
160.  Powell, J.W., Schootman, M.  1992.  “A multivariate risk analysis of selected playing 
surfaces in the National Football League: 1980 to 1989. An epidemiologic study of knee 
injuries.”  Am J Sports Med 20(6):686-694. 
 
161.  Prager, B.I., Fitton, W.L., Cahill, B.R., Olson, G.H.  1989.  “High school football injuries: 
a prospective study and pitfalls of data collection.”  Am J Sports Med 17(5):681-685. 
 
162.  Pritchett, J.W.  1980.  “High cost of high school football injuries.”  Am J Sports Med 
8(3):197-199. 
 
163.  Pritchett, J.W.  1982.  “A statistical study of Knee injuries due to football in high-school 
athletes.”  J Bone Joint Surg Am 64(2):240-242. 
 
164.  Ranalli, D.N.  1991.  “Prevention of craniofacial injuries in football.”  Dent Clin North Am 
35(4):627-645. 
 
165.  Reid, S.E., Epstein, H.M., O'Dea, T.J., Louis, M.W., Reid, S.E., Jr.  1974.  “Head 
protection in football.”  J Sports Med 2(2):86-92. 
 
166.  Reid, S.E., Reid, S.E., Jr.  1978.  “Football, neck muscles and head impact.”  Surg Gynecol 
Obstet 147(4):513-517. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-14 

167.  Reid, S.E., Reid, S.E., Jr.  1981.  “Advances in sports medicine. Prevention of head and 
neck injuries in football.”  Surg Annu 13:251-270. 
 
168.  Requa, R.K., Garrick, J.G.  1990.  “A review of the use of prophylactic knee braces in 
football.”  Pediatr Clin North Am 37(5):1165-1173. 
 
169.  Requa, R.K., Garrick, J.G.  1990.  “Clinical significance and evaluation of prophylactic 
knee brace studies in football.”  Clin Sports Med 9(4):853-869. 
 
170.  Robey, J.M.  1972.  “Contribution of design and construction of football helmets to the 
occurrence of injuries.”  Med Sci Sports 4(3):170-174. 
 
171.  Robey, J.M., Blyth, C.S., Mueller, F.O.  1971.  “Athletic injuries. Application of 
epidemiologic methods.”  JAMA 217(2):184-189. 
 
172.  Rovere, G.D., Bowen, G.S.  1986.  “The effectiveness of knee bracing for the prevention of 
sport injuries.”  Sports Med 3(5):309-311. 
 
173.  Rovere, G.D., Clarke, T.J., Yates, C.S., Burley, K.  1988.  “Retrospective comparison of 
taping and ankle stabilizers in preventing ankle injuries.”  Am J Sports Med 16(3):228-233. 
 
174.  Rovere, G.D., Haupt, H.A., Yates, C.S.  1987.  “Prophylactic knee bracing in college 
football.”  Am J Sports Med 15(2):111-116. 
 
175.  Ryder, S.H., Johnson, R.J., Beynnon, B.D., et al.  1997.  “Prevention of ACL injuries.”  
Journal of Sport Rehabilitation 6: 80-96. 
 
176.  Saal, J.A.  1991.  “Common American football injuries.”  Sports Med 12(2):132-147. 
 
177.  Saunders, R.L., Harbaugh, R.E.  1984.  “The second impact in catastrophic contact-sports 
head trauma.”  JAMA 252(4):538-539. 
 
178.  Schier, M.J.  1973.  “Houston MD tackles football injuries.”  Tex Med 69(1):106-109. 
 
179.  Schootman, M., van Mechelen, W.  1993.  “Efficacy of preventive knee braces in football: 
epidemiological assessment.”  Clin J Sport Med 3:166-173. 
 
180.  Servi, J.T.  2001.  “Abnormal hand sensations after a football tackle.”  Phys Sportsmed 
29(10):11-12. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-15 

181.  Seward, J.M.  1998.  “Case review. Maisonneuve fracture: a rare but significant injury.”  
Athletic Ther Today 3:15-16. 
 
182.  Sforzo, G.A., Chen, N.M., Gold, C.A., Frye, P.A.  1989.  “The effect of prophylactic knee 
bracing on performance.”  Med Sci Sports Exerc 21(3):254-257. 
 
183.  Shelbourne, K.D., Fisher, D.A., Rettig, A.C., McCarroll, J.R.  1988.  “Stress fractures of 
the medial malleolus.”  Am J Sports Med 16(1):60-63. 
 
184.  Shell, D.  1993.  “Can subdural hematoma result from repeated minor head injury?”  Phys 
Sportsmed 21:74-76. 
 
185.  Sherk, H.H., Watters, W.C.  1981.  “Neck injuries in football players.”  J Med Soc N J 
78(9):579-583. 
 
186.  Sitler, M., Ryan, J., Hopkinson, W., Wheeler, J., Santomier, J., Kolb, R., Polley, D.  1990.  
“The efficacy of a prophylactic knee brace to reduce knee injuries in football. A prospective, 
randomized study at West Point.”  Am J Sports Med 18(3):310-315. 
 
187.  Skovron, M.L., Levy, I.M., Agel, J.  1990.  “Living with artificial grass: a knowledge 
update. Part 2: Epidemiology.”  Am J Sports Med 18(5):510-513. 
 
188.  Stocker, B.D., Nyland, J.A., Caborn, D.N., Sternes, R., Ray, J.M.  1997.  “Results of the 
Kentucky high school football knee injury survey.”  J Ky Med Assoc 95(11):458-464. 
 
189.  Takami, H., Takahashi, S., Ando, M.  2000.  “Isolated palmar dislocation of the distal 
radioulnar joint in a football player.”  Arch Orthop Trauma Surg 120(1):598-600. 
 
190.  Tall, R.L., DeVault, W.  1993.  “Spinal injury in sport: epidemiologic considerations.”  
Clin Sports Med 12(3):441-448. 
 
191.  Taylor, B.L., Attia, M.W.  2000.  “Sports-related injuries in children.”  Acad Emerg Med 
7(12):1376-1382. 
 
192.  Teitz, C.C., Hermanson, B.K., Kronmal, R.A., Diehr, P.H.  1987.  “Evaluation of the use of 
braces to prevent injury to the knee in collegiate football players.”  J Bone Joint Surg Am 
69(1):2-9. 
 
193.  Thacker, S.B., Stroup, D.F., Branche, C.M., Gilchrist, J., Goodman, R.A., Porter, K.E. 
2003.  “Prevention of knee injuries in sports. A systematic review of the literature.”  J Sports 
Med Phys Fitness 43(2):165-179. 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-16 

 
194.  Thacker, S.B., Stroup, D.F., Branche, C.M., Gilchrist, J., Goodman, R.A., Weitman, E.A. 
1999.  “The prevention of ankle sprains in sports. A systematic review of the literature.”  Am J 
Sports Med 27(6):753-760. 
 
195.  Thomas, B.E., McCullen, G.M., Yuan, H.A.  1999.  “Cervical spine injuries in football 
players.”  J Am Acad Orthop Surg 7(5):338-347. 
 
196.  Thompson, N., Halpern, B., Curl, W.W., Andrews, J.R., Hunter, S.C., Boring, J.R., 3rd, 
McLeod, W.D.  1987.  “High school football injuries: evaluation.”  Am J Sports Med 15(2):117-
124. 
 
197.  Thompson, N., Halpern, B., Curl, W.W., Andrews, J.R., Hunter, S.C., McLeod, W.D. 
1988.  “High school football injuries: evaluation.”  Am J Sports Med 16 Suppl 1:S97-104. 
 
198.  Torg, J.S.  1982.  “Athletic footwear and orthotic appliances.”  Clin Sports Med 1(1):157-
175. 
 
199.  Torg, J.S.  1985.  “Epidemiology, pathomechanics, and prevention of athletic injuries to the 
cervical spine.”  Med Sci Sports Exerc 17(3):295-303. 
 
200.  Torg, J.S.  1992.  “Epidemiology, pathomechanics, and prevention of football-induced 
cervical spinal cord trauma.”  Exerc Sport Sci Rev 20:321-338. 
 
201.  Torg, J.S.  2002.  “Cervical spinal stenosis with cord neurapraxia: evaluations and 
decisions regarding participation in athletics.”  Curr Sports Med Rep 1(1):43-46. 
 
202.  Torg,  J.S., Harris, S.M., Rogers, K., Stilwell, G.J.  1999.  “Retrospective report on the 
effectiveness of a polyurethane football helmet cover on the repeated occurrence of cerebral 
concussions.”  Am J Orthop 28(2):128-132. 
 
203.  Torg, J.S., Pavlov, H.  1987.  “Cervical spinal stenosis with cord neurapraxia and transient 
quadriplegia.”  Clin Sports Med 6(1):115-133. 
 
204.  Torg, J.S., Quedenfeld, T.  1971.  “Effect of shoe type and cleat length on incidence and 
severity of knee injuries among high school football players.”  Res Q 42(2):203-211. 
 
205.  Torg, J.S., Quedenfeld, T.C., Burstein, A., Spealman, A., Nichols, C., 3rd.  1979.  
“National football head and neck injury registry: report on cervical quadriplegia, 1971 to 1975.”  
Am J Sports Med 7(2):127-132. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-17 

206.  Torg, J.S., Quedenfeld, T.C., Landau, S.  1974.  “The shoe-surface interface and its 
relationship to football knee injuries.”  J Sports Med 2(5):261-269. 
 
207.  Torg, J.S., Quedenfeld, T.C., Moyer, R.A., Truex, R., Spealman, A.D., Nichols, C.E.  1977.  
“Severe and catastrophic neck injuries resulting from tackle football.”  J Am Coll Health Assoc 
25(4):224-226. 
 
208.  Torg, J.S., Quedenfeld, T.C., Moyer, R.A., Truex, R., Jr., Spealman, A.D., Nichols, C.E., 
3rd.  1977.  “Severe and catastrophic neck injuries resulting from tackle football.”  Del Med J 
49(5):267-273, 275. 
 
209.  Torg, J.S., Ramsey-Emrhein, J.A.  1997.  Management guidelines for participation in 
collision activities with congenital, developmental, or postinjury lesions involving the cervical 
spine.”  Clin J Sport Med 7(4):273-291. 
 
210.  Torg, J.S., Sennett, B., Pavlov, H., Leventhal, M.R., Glasgow, S.G.  1993.  “Spear tackler's 
spine. An entity precluding participation in tackle football and collision activities that expose the 
cervical spine to axial energy inputs.”  Am J Sports Med 21(5):640-649. 
 
211.  Torg, J.S., Sennett, B., Vegso, J.J.  1987.  “Spinal injury at the level of the third and fourth 
cervical vertebrae resulting from the axial loading mechanism: an analysis and classification.” 
Clin Sports Med 6(1):159-183. 
 
212.  Torg, J.S., Stilwell, G., Rogers, K.  1996.  “The effect of ambient temperature on the shoe-
surface interface release coefficient.”  Am J Sports Med 24(1):79-82. 
 
213.  Torg, J.S., Truex, R., Jr., Quedenfeld, T.C., Burstein, A., Spealman, A., Nichols, C., 3rd. 
1979.  “The National Football Head and Neck Injury Registry. Report and conclusions 1978.”  
JAMA 241(14):1477-1479. 
 
214.  Torg, J.S., Truex, R.C., Jr., Marshall, J., Hodgson, V.R., Quedenfeld, T.C., Spealman, 
A.D., Nichols, C.E.  1977.  “Spinal injury at the level of the third and fourth cervical vertebrae 
from football.”  J Bone Joint Surg Am 59(8):1015-1019. 
 
215.  Torg, J.S., Vegso, J.J., O'Neill, M.J., Sennett, B.  1990.  “The epidemiologic, pathologic, 
biomechanical, and cinematographic analysis of football-induced cervical spine trauma.”  Am J 
Sports Med 18(1):50-57. 
 
216.  Torg, J.S., Vegso, J.J., Sennett, B.  1987.  “The National Football Head and Neck Injury 
Registry: 14-year report on cervical quadriplegia (1971-1984).”  Clin Sports Med 6(1):61-72. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-18 

217.  Torg, J.S., Vegso, J.J., Sennett, B., Das, M.  1985.  “The National Football Head and Neck 
Injury Registry. 14-year report on cervical quadriplegia, 1971 through 1984.”  JAMA 
254(24):3439-3443. 
 
218.  Trupiano, T.P., Sampson, M.L., Weise, M.W.  1997.  “Fracture of the first cervical vertebra 
in a high school football player: a case report.”  J Athl Train 32(2):159-162. 
 
219.  Turbeville, S.D., Cowan, L.D., Owen, W.L., Asal, N.R., Anderson, M.A.  2003.  “Risk 
factors for injury in high school football players.”  Am J Sports Med 31(6):974-980. 
 
220.  Virgin, H.  1980.  “Cineradiographic study of football helmets and the cervical spine.”  Am 
J Sports Med 8(5):310-317. 
 
221.  Virgin, H.W.  1985.  “Football injuries to the skeletal system.”  Compr Ther 11(1):19-24. 
 
222.  Walsh, W.M., Blackburn, T.  1977.  “Prevention of ankle sprains.”  Am J Sports Med 
5(6):243-245. 
 
223.  Watkins, R.G.  1986.  “Neck injuries in football players.”  Clin Sports Med 5(2):215-246. 
 
224.  Whiteside, J.A., Fleagle, S.B., Kalenak, A.  1981.  “Fractures and refractures in 
intercollegiate athletes. An eleven-year experience.”  Am J Sports Med 9(6):369-377. 
 
225.  Wilberger, J.E.  1993.  “Minor head injuries in American football.  Prevention of long term 
sequelae.”  Sports Med 15(5):338-343. 
 
226.  Wilkerson, G.B.  1991.  “Comparative biomechanical effects of the standard method of 
ankle taping and a taping method designed to enhance subtalar stability.”  Am J Sports Med 
19(6):588-595. 
 
227.  Wirtz, P.D.  1976.  “Head and neck injuries in football.”  J Iowa Med Soc 66(3):89, 102. 
 
228.  Woodford-Rogers, B., Cyphert, L., Denegar, C.R.  1994.  “Risk factors for anterior cruciate 
ligament injury in high school and college athletes.”  J Athl Train 29(4):343-346. 
 
229.  Zhang, L., Yang, K.H., King, A.I.  2004.  “A proposed injury threshold for mild traumatic 
brain injury.”  J Biomech Eng 126(2):226-236. 
 
230.  Zoch, T.W., Cleveland, D.A., McCormick, J., Toyama, K., Nordstrom, D.L.  1996.  
“Football injuries in a rural area.”  Wis Med J 95(8):570-573. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

A-19 

231.  Wortley, W.H., Feierstein, G., Lillibridge, A., Parli, R., Mangus, G., Seibert, J.F.  1999.  
“Chapter 3.  Fatal and nonfatal accidents/mishaps: Safety center data.” Mil Med 164(8). 
 
232.  Gardner, J.W., Amoroso, P.J., Grayson, K., Helmkamp, J., Jones, B.H.  1999. “Chapter 5.  
Hospitalizations due to injury: Inpatient medical records data.” Mil Med 164(8). 
 
233.  Conn, J.M., Annest, J.L., Gilchrist, J.  2003. Sports and recreation related injury episodes in 
the US population, 1997-99. Inj Prev 9:117-23. 
 



General Medical Service Study Report No. 12-MA-01Q5-05, 2005 
 
 

B-1 

APPENDIX B 
 

SUMMARY TABLES  
 
 
Appendix B consists of tables containing detailed information on published risk factor and 
intervention studies dealing with football-related injuries.  All studies summarized in these tables 
are also discussed in the text. 
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Table B-1.  Published Studies on Football-Related Injury by Type of Study and Year of Publication 

Year Of 
Publication 

Case Series/ 
Reports 

Descriptive 
Epidemiologic 

Studies 

Laboratory 
Studies 

Analytic 
Epidemiologic 

Studies 

Intervention 
Studies 

Reviews Total 

1970-1979 6 8 8 12 2 7 43 

1980-1989 12 10 5 10 1 21 59 

1990-1999 10 20 6 9 1 25 71 

2000-2004 9 13 10 3 0 16 51 

Total 37 51 29 34 4 69 224 

Reference 
numbers (see 
reference list) 

14,19,25,26,29,48,54,63, 

72,75,76,103,115-

117,120,126,141,155,163, 

177,180,181,183-

185,189,191,201,207,208, 

210,211,214,218,221,224 

3,5,9,15,18,20,21,23,24,30, 

32,33,45,50-

53,66,68,69,73,74,81,83, 

91,92,97,101,102,106,108, 

109,124,135,138-

140,148,152,158,159,161, 

162,171,188,203,205,216, 

217,227,230 

22,28,43,55,59,65,77,85,88, 

90,99,113,114,119,128,131 

142-144,153,154,165, 

166,182,206,212,220,226,229 

11,13,16,17,31,34,36,40,41, 

58,64,71,87,96,98,100,105, 

123,137,145,146,150,157, 

160,170,173,174,192,202, 

204,213,215,219,228 

42,44,89,186 1,2,4,10,12,27,35,37-

39,46,47,49,56,57,60-

62,67,70,78-80,82,84,86,93-

95,104,110,111,118,121,122,

125,127,129,130,133,134, 

136,147,149,151,156,164, 

167-169,172,175,176, 

178,179,187,190,193-

200,209,222,223,225 
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Table B-2.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Surface Type and Weather Condition 

Authors  Study 
Design, 

Duration and 
Location 

Population and 
Sample Size 

Risk 
Factor 

Studied 

Risk Factor Level or 
Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Bramwell et al., 
197234  

Prospective 
study; 

1 year; 
Greater Seattle 
area 
 

228 games played 
by 26 varsity high 
school teams 

Surface type 
 

 
 
Natural grass (n=148)  
   Dry field (n=88) 
   Wet field (n=60) 
 
 
Artificial surface (n=80)  
   Dry field (n=41) 
   Wet field (n=39) 

Injuries per game: 

 
0.52 (overall) 
0.50 (wet) 
0.53 (dry) 
 
0.76 (overall) 
0.61 (wet) 
0.93 (dry) 

 
 

1.0 
1.0 
1.0 

 
1.49 
1.23 
1.74 

 
 
 
  
 
 

1.21-1.83 
0.86-1.77 
1.35-2.22 

 
 
 
 
 
 

<0.01 
0.26 

<0.001 
 

Bowers, 197331  Retrospective 
cohort study 
with historical 
control; 

6 years;     
West Virginia 
 

52 games, 
West Virginia 
University 
football players 

Surface type   
 
 
Natural grass period  
(1967-68, spring and fall 
seasons)† 
 
 
Artificial surface period 
(1970-71, spring and fall 
seasons) † 

Number of injuries: 

 
Knee     
   nonsurgical: 13 
   surgical: 5   
Ankle: 34      
 
 
Knee     
   nonsurgical: 19                    
   surgical: 4  
Ankle: 35     

 
 
 
 
 
 
 

NP 

 
 
 
 
 
 
 

NP 

 
 
 
 
 
 
 

NP 

† Exact number of players, practices, or games were not provided.  
NP: not presented in article  
CI:  confidence interval 
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Table B-2.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Surface Type and Weather Condition 
(continued) 

Authors  Study 
Design, 

Duration and 
Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Adkison et al., 
197411  

Prospective, 
study; 

2 years; 
 
Seattle and 
Spokane, 
Washington, 
 & Portland, 
Oregon 
 

660 high school 
varsity tackle 
football games 

Surface type 
and field 
condition (wet 
or dry)  
 

 
 
Natural grass (n=424) 
 
 
 
Artificial surface:   
     Astroturf    (n=183) 
 
   
   Tartanturf   (n=53) 

Injuries per game: 

 
0.51 (overall) 
0.46 (wet) 
0.57 (dry) 
 
0.63 (overall) 
0.55 (wet) 
0.91 (dry) 
 
0.28 (overall) 
0.42 (wet) 
0.17 (dry) 

 
 
 

1.0 
1.0 
1.0 

 
1.23 
1.18 
1.63 

 
0.55 
0.90 
0.31 

 
 
 
 
 
 
 

1.06-1.43 
0.95-1.46 
1.31-2.03 

 
0.38-0.80 
0.56-1.45 
0.17-0.59 

 
 
 
 
 
 
 

<0.01 
0.02 

<0.001 
 

<0.01 
0.66 

<0.001 
CI:  confidence interval 
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Table B-2.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Surface Type and Weather Condition 
(continued) 

Authors Study 
Design, 

Duration and 
Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category 

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Alles et al., 197917 Retrospective 
cohort study;   
3 years; 
NAIRSd 

NAIRS college 
athletes 

Surface type   
 
 
Natural grass 
(n=674,000 exp.) 
 
 
Artificial surface 
(Astroturf and 
Tartanturf) ‡ 
(n=450,000 exp.) 

Meniscus/ knee sprains 
and ankle sprains per 
1,000 athlete-exposures: 

Knee sprain rate higher 
on artificial surface than 
grass 

Ankle sprain rate higher 
on artificial surface than 
grass 

 
 
 
 

NP 
 
 
 
 

NP 

 
 
 
 

NP 
 
 
 
 

NP 

 
 
 
 

p<0.05 
 
 
 

p<0.01 

Powell, 1987157  Retrospective 
cohort study; 
6 years; 
NFL 

NFL clubs; 3,296 
team-games 

Surface type 
 

 
 
Natural grass 
(n=1,520 team-games) 
 
Astroturf  
(n=1,450 team-games) 

Knee and ankle/foot 
injuries per team-game: 
0.40  (knee) 
0.28 (ankle/foot) 
 
0.47 (knee) 
0.39 (ankle/foot) 

 
 

1.00 
1.00 

 
1.18 (knee) 

1.39 (ankle/foot) 

 
 
 
 
 

1.08-1.28 
1.26-1.54 

 
 
 
 
 

<0.001 
<0.001 

‡ Injuries were not provided for artificial surfaces. 
NAIRS:  National Athletic Injury/Illness Reporting System; NFL: National Football League  
NP:  not presented in article; CI:  confidence interval 
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Table B-2.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Surface Type and Weather Condition 
(continued) 

Authors Study 
Design, 

Duration and 
Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category 

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Nicholas et al., 
1988145  

Retrospective 
cohort study 
with historical 
control;          

26 years;    
New York 

Professional 
football franchise 
(New York Jets); 
373 games  

Surface 
type‡‡  

 
 
 
 
 
 
 
 
 
Artificial surface  
(n=84 games) 
 
Natural grass 
(n=177 games) 

“Significant” injuries 
(player missed � 2 
consecutive games) and 
“major” injuries (player 
missed � 8 consecutive 
games) per game: 

 

Significant   0.70±038 

Major    0.36±0.29 

 

Significant    0.59±0.26 

Major    0.23±0.16 

 
Mean 

differences: 
 
 

Significant 
injuries/game 

0.11±0.49 
 

Major 
injuries/game 

0.13±0.38 

 
 
 
 
 

-- 
 
 
 
 

--  

 
 
 
 
 
 

NS 
 
 
 
 

NS 

Powell and 
Schootman, 
1992160  

Retrospective 
cohort study;  
10 years; NFL 

NFL clubs Surface type  
 
Natural grass   
(n=2,572 team-games) 
 
AstroTurf  
(n=2,604 team-games) 

Knee sprains (ACL and 
MCL) per team-game:  
 
0.20  
 
 
0.22 

 
 
 

1.00 
 
 

1.13 

 
 
 
 
 
 

1.0-1.27 

 
 
 
 
 
 

0.04 
‡‡ Authors did not explain on which surface type the other 112 games were played. 
NFL:  National Football League; CI:  confidence interval; NS: non-significant (as reported by authors)  
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Table B-2.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Surface Type and Weather Condition 
(continued) 

Authors Study 
Design, 

Duration And 
Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category 

(No. Of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Orchard and 
Powell, 2003150 
 
 

Retrospective 
cohort study;  
10 years; NFL 
teams 

5910 NFL teams Weather 
condition 

Natural grass=2910 
team games  
 
Artificial surface – 
open turf  
(n=1624 team games) 
 
Artificial surface –
dome  
(n=1376 team games) 

Significant knee sprains 
per team-season (=per 20 
team-game): 
 
grass=3.4  
  cold&wet=2.4 
  hot&dry=3.6 
open turf=4.1        
  cold&dry=3.1 
  hot&dry=5.4 
dome=4.4 
 
Significant ankle sprains 
per team-season: 
 
grass=2.3 
  cold&wet=2.0 
  hot&dry=2.3  
open turf=2.7  
  cold&dry=2.2 
  hot&dry=3.2 
dome=3.3 

Significant 
knee sprains: 
 
 
grass:dome 
=0.77 
grass:open 
turf=0.83 
 
 
 
 
Significant 
ankle sprains: 
 
grass:dome 
=0.71 
grass:open 
turf=0.73 

 
 

 
 

0.66-0.91 
 
 

0.71-0.97 
 
 
 
 
 
 
 
0.58-0.87 
 
0.60-0.89 

 
 

 
 

 
 
 
p�0.05 
 
 
 
 
 
 
 
 
 
p�0.05 

 

NFL:  National Football League 
CI:  confidence interval 
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Table B-3.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Helmets 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Robey, 1972170  Retrospective 
cohort study;  
3 years;      
North Carolina 

7,800 high school 
players† 

Helmet type, 
fit and 
condition  

Type:  
 

        (1) suspension  
 
 
 
  (2) combined       
       padded-susp. 
 
 
  (3) padded 
 

Concussion rates per 
player: 

(1) Good condition: 
 fit too large: 0.01 
 fit good: 0.02 
 fit too small: 0.02 
(2) Good condition: 
 fit too large: 0.03 
 fit good: 0.06 
 fit too small: 0.07 
(3) Good condition: 
 fit too large: 0.04 
 fit good: 0.08 
 fit too small: 0.13 

 
 
 
 
 
 
 
 

NP 

 
 
 
 
 
 
 
 

NP 

 
 
 
 
 
 
 
 

p<0.05 
 

† Sample size categories were not provided.  
CI:  confidence interval 
NP: not presented in article  
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Table B-3.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Helmets (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Mueller and Blyth, 
1974137 
 

Prospective 
study;  
4 years; North 
Carolina 

8776 students 
from 43 high 
schools 

Helmet use 
 
 
 
 
 
 
 
Contact 
program 
 
 
 
 
 
Prior injury 
 
 

13 different helmet 
brands 
 
 
 
 
 
 
Regular contact 
program (n=3633) 
Limited contact 
program (n=569) 
 
 
 
Prior injury 
No (n=5621) 
Yes (n=2200) 
 

- Concussion rates per 
player:  
 
All helmet brands 
combined=0.03 
Rawlings JRC=0.01 
Southern Athletic=0.05 
 
- Overall injuries per 
player:  
Regular contact 
program=0.48 
Limited contact 
program=0.42 
 
- Overall injuries per 
player:  
Prior injury (no) = 0.44  
Prior injury (yes) = 0.62 

 
NP 

 
 
 

1.00 
2.95 

 
 
 

 
1.00 

 
0.87 

 
 
 

1.00 
1.43 

 
NP 

 
 
 
 
1.26-6.88 
 
 
 
 
 
 
0.79-0.96 
 
 
 
 
1.36-1.50 

 
 
 
 
 
 
p<0.05 
 
 
 
 
 
 
p<0.01 
 
 
 

 
p<0.001 

CI:  confidence interval 
NP:  not presented in article 
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Table B-3.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Helmets (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. Of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Clarke and Powell, 
197958  

Cross-sectional 
study;  
3 years; NAIRS 
 
 

5,361 high school 
and college 
football players 

Helmet type 
and brand  

Helmet type 
(13 different helmet 
types) 
 
Helmet brand  
(7 different helmet 
brands) 

Concussions per 1,000 
athlete-exposures: 

        4.7 (overall) 
rates varied from  
       2.1 to 6.8 
 
Major cervical spine 
fractures per 100,000 
athlete-exposures: 
 0.5 (overall) 
rates varied from            
      0 to 4 

 
 
 

NP 
 
 
 
 

 
 

NP 

 
 
 

NP 
 
 
 
 

 
 

NP 

 
 
 

NS 
 
 
 
 

 
 

NS 

Torg et al., 1999202 
 

Survey;  
3 years; national 
level 

119 football 
players 

Concussions 
while wearing 
a polyurethane 
football helmet 
cover 

Number of prior 
concussions per player: 
       1 – 2 – 3 – 4+ 
(n=41 – 41 – 19 – 18) 

Concussion reoccurrence 
rate (%):  
2.4 – 4.9 – 15.8 – 27.8 
(1/41–2/41–3/19–5/18) 

NP NP NP 

NAIRS:  National Athletic Injury/Illness Reporting System 
CI:  confidence interval; NP: not presented in article; NS: non-significant (as reported by authors) 
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Table B-3.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Helmets (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Marshall et al., 
2002123  

Ecologic study;  
2 years; 
(NCAA) Injury 
Surveillance 
system (U.S.) 
and Rugby 
Injury and 
Performance 
Project 
(New Zealand) 

9,120 U.S. 
Collegiate football 
players and New 
Zealand club 
Rugby Union 
players 

Protective 
equipment 
regulations  

 
 
 
Rugby Union 
 
 
 
North American 
Football 
 

Injuries per 1,000 player-
games: 
 
114.07 (overall) 
21.21 (head) 
5.16 (conc.) 
 
39.89 (overall) 
2.44 (head) 
2.11 (conc.) 

 
 
 

1.00 
1.00 
1.00 

 
0.35 (overall) 
0.11 (head) 
0.41 (conc.) 

 
 
 
 
 
 
 

0.31-0.40 
0.08-0.16 
0.22-0.75 

 
 
 
 
 
 
 

p<0.05 
p<0.05 
p<0.05 

CI:  confidence interval 
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Table B-4.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Knee and Ankle Braces 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Hewson et al., 
198696  

Retrospective 
cohort study 
with historical 
control;           
8 years; Arizona 

450 University of 
Arizona football 
players 

Knee brace   
 
 
Nonbrace period 
(n=29,293 exp.) 
 
Brace period 
(n=28,191 exp.) 

Knee injuries per 100 
players-season: 

 
1977-1981: 23.89 
 
 
1981-1985: 21.43 

 
 
 
 

1.00 
 
 

0.92 

 
 
 
 
 
 
 

0.63-1.36 

 
 
 
 
 
 
 

0.69 

Rovere et al., 
1987174  

Retrospective 
cohort study 
with historical 
control;            
4 years;     
Wake Forest 
University 
 

742 college 
football players 

Knee brace 
 

 
 
 
Nonbrace period 
(n=368) 
 
 
Brace period 
(n=374) 

Knee injuries per 100 
players: 

 
1981-82: 
  6.1 (overall) 
  4.0 (MCL)  
 
1983-85: 
  7.5 (overall) 
  4.8 (MCL) 

 
 
 
 
 

1.00 
1.00 

 
1.23 (overall) 
1.20 (MCL) 

 
 
 
 
 
 
 
 

0.88-1.69 
0.80-1.81 

 
 
 
 
 
 
 
 

0.24 
0.38 

CI:  confidence interval; MCL: medial collateral ligament injury 
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Table B-4.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Knee and Ankle Braces (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Teitz et al., 
1987192  

Retrospective 
cohort study;   

2 years; NCAA 

11,752 players 
NCAA 
Division I 

Knee brace   
 
 
Non brace  
 
 
Brace 

Knee injuries per 
player: 
 
6.0 % (1984) 
6.4 % (1985) 
 
11.0% (1984) 
9.4 % (1985) 

 
 
 

1.00 
1.00 

 
1.71 (1984) 
1.48 (1985) 

 
 
 
 
 
 

1.45-2.01 
1.23-1.78 

 
 
 
 
 
 

p<0.001 
p<0.001 

Brodersen and 
Symanowski, 
199336 
 

Retrospective 
cohort study; 
1979-1987; 
Iowa State 
University 

776 Division I-A 
collegiate football 
players 

Prophylactic 
double upright 
knee orthosis 

Brace=503 
Non brace=273 

- Overall knee injury:  
nonbraced: 44% 
braced: 26% 
 
- Knee injury severity 
(time-loss): 
Type I (1-14 days) 
nonbraced: 25% 
braced: 23% 
 
Type II (15-28 days) 
nonbraced: 15% 
braced: 3%;  
 
Type III (29 days-1 
year) 
nonbraced: 4%  
braced: 0.2% 

 
1.00 
0.59 

 
 
 
 

1.00 
0.92 

 
 

1.00 
0.20 

 
 
 

1.00 
0.05 

 
 

0.48-0.72 
 
 
 
 
 

0.70-1.18 
 
 
 

0.12-0.33 
 
 
 
 

0.01-0.21 

 
 

<0.001 
 
 
 
 
 

0.49 
 
 
 

<0.001 
 
 
 
 

<0.001 
NCAA:  National Collegiate Athletic Association; CI:  confidence interval 
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Table B-4.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Knee and Ankle Braces (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Deppen and 
Landfried, 199471  

Prospective 
cohort study;   

4 years 

524 high school 
football players 

Knee brace  
 

 
 
 
Nonbrace  
 
 
Brace 

Knee injuries per 
player-game:  

 

26/ 19,484  

23/ 21,640  

 
 
 
 

1.00 
 

0.80 

 
 
 
 
 
 
0.46-1.39 

 
 
 
 
 
 

0.43 
Albright et al., 
199416  

Prospective 
cohort study;   

3 years; NCAA 

987 NCAA 
Division I college 
football players  

Knee brace   
 
 
Nonbrace 
(n=76,811 knee-
exposures) 
 
 
 
Brace  
(n=78,911 knee-
exposures) 
 
 

MCL sprain per 100 
knee-exposures: 
 
0.060 (overall) 
0.103 (line) 
0.069 (linebacker/tight 
end) 
0.049 (skilled) 
 
0.068 (overall) 
0.098 (line) 
0.053 (linebacker/tight 
end) 
0.036 (skilled) 

 
 
 

1.00 
1.00 
1.00 

 
1.00 

 
1.14 (overall) 

0.95 (line) 
0.76 (linebacker) 

 
0.74 (skilled) 

 
 
 
 
 
 
 
 
 
 
0.77-1.70 
0.48-1.87 
0.32-1.84 
0.32-1.71 

 
 
 
 
 
 
 
 
 
 

NS 
NS 
NS 
NS 

NCAA: National Collegiate Athletic Association; MCL: medial collateral ligament injury 
CI:  confidence interval 
NS:  non-significant (reported by authors) 
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Table B-4.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Knee and Ankle Braces (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Rovere et al., 
1988173  

Retrospective 
cohort study;  

6 years;    
North Carolina 

297 Wake Forest 
University 
football players 
 

Ankle 
stabilizers and 
shoe type  

 
 
 
Ankle stabilizer  
Ankle taping 
 
Low-top shoe  
High-top shoe 

Ankle injuries per 
1,000 player-games: 
 
2.90 
4.62 
 
3.73 
5.78 

 
 
 
 

0.62 
 
 

0.65 

 
 
 
 
0.42-0.80 
 
 
0.52-0.84 

 
 
 
 

p=0.003 
 
 

p=0.004 
CI:  confidence interval 
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Table B-5.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Cleat/Shoes 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Torg and 
Quedenfeld, 
1971204  

Prospective 
cohort study 
with historical 
control;  

3 years; 
Philadelphia 

Philadelphia 
Public High 
School Football 
League             
(18 teams, 594 
players/season) 
and Philadelphia 
Catholic League 
(16 teams, 704 
players/season) 

Shoe cleat 
design  

Conventional shoe 
period (3/4” cleats) 
 
Molded sole shoe 
period (3/8” cleats) 

Knee injuries per team-
game: 

 
Public school  
  1968: 0.33 (conv.) 
  1969: 0.14 (mold.) 
  1970: 0.17 (mold.) 
 
Catholic school 
   1969: 0.58 (conv.) 
   1970: 0.24 (mol) 

 
 
 
 

1.00 
0.47 
0.55 

 
 

1.00 
0.41 

 
 
 
 
 

0.31-0.71 
0.37-0.81 

 
 
 

0.31-0.54 

 
 
 
 
 

<0.001 
<0.001 

 
 
 

<0.001 

Lambson et al., 
1996105  

Prospective 
cohort study;   

3 years  
(1989-1991); 
Texas 

3,119 high school 
football players 

Shoe cleat 
design  

 
 
Edge (n=2,231) 
 
Non-edge (n=888) 
  Flat (n=832) 
  Screw-in (n=46) 
  Pivot disk (n=10) 

ACL injuries per player: 
   
0.017 
 
0.005 
0.004 
0.015 
0.000 

 
 
 

3.8 (edge/non-
edge) 

 

 
 
 

1.46-9.79 
 
 
 

 
 
 

p<0.01 
 
 

CI:  confidence interval; ACL: anterior cruciate ligament injury 
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Table B-6.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Spearing Rule Change and 
Training/Conditioning  

Authors  Study 
Design, 

Duration and 
Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Torg et al., 1979213  Retrospective 
cohort study 
with historical 
control;           
7 years; 
National 
Football Head 
and Neck Injury 
Registry 

High school and 
college football 
players 

Rule change - 
periods  
(spearing ban)  

Spearing period 
     (1975) 
 
 
Non spearing period 
     (1977) 

Rates per 100,000 players 
per season: 
 
Cervical spine fractures 
and dislocations:  
 
High school: 
5.70 (1975) 
5.50 (1977) 
 
College: 
30.10 (1975) 
20.30 (1977) 
 
Permanent 
quadriplegia: 
 
High school: 
1.90 (1975) 
1.20 (1977) 
 
College: 
5.30 (1975) 
4.00 (1977) 

 
 
 
 
 

 
 

1.00 
0.96 

 
 

1.00 
0.66 

 
 
 
 
 

1.00 
0.63 

 
 

1.00 
0.75 

 
 
 
 
 

 
 
 

0.67-1.40 
 
 

 
0.57-0.81 

 
 
 
 
 
 

0.31-1.29 
 
 
 

0.50-1.14 

 
 
 
 
 

 
 
 

0.85 
 
 
 

p<0.001 
 
 
 
 
 
 

0.21 
 
 
 

0.18 
CI:  confidence interval 
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Table B-6.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Spearing Rule Change and 
Training/Conditioning (continued) 

Authors  Study 
Design, 

Duration and 
Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Torg et al., 1990215 Retrospective 
cohort study 
with historical 
control;          
12 years; 
National 
Football Head 
and Neck Injury 
Registry 

266,665 high 
school and college 
football players 

Rule change - 
periods 
(spearing ban)  

 
 
 
 
Spearing period 
     (1976) 
 
 
 
Non spearing period 
     (1987) 

Rates per 100,000 players 
per season: 
 
Cervical spine fractures 
and dislocations:  
 
High school: 
7.70 (1976) 
2.30 (1987) 
 
College: 
30.66 (1976) 
10.66 (1987) 
 
Permanent 
quadriplegia: 
 
High school: 
2.24 (1976) 
0.73 (1987) 
 
College: 
10.66 (1976) 
   0     (1987) 

 
 
 
 
 
 
 

1.00 
0.30 

 
 

1.00 
0.36 

 
 
 
 
 

1.00 
0.32 

 
 

1.00 
0 

 
 
 
 
 

 
 
 

0.19-0.46 
 
 
 

0.18-0.69 
 
 
 
 
 
 

0.14-0.71 
 
 

-- 

 
 
 
 
 
 
 
 

p<0.001 
 
 
 

p<0.01 
 
 
 
 
 
 

p<0.01 

CI:  confidence interval 
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Table B-6.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Spearing Rule Change and Training/Conditioning 
(continued) 

Authors  Study 
Design, 

Duration and 
Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Cahill et al., 
198441 

Retrospective 
cohort study 
with historical 
control;  
12 years; Peoria, 
Illinois 

8 varsity high 
school teams 

Preseason 
conditioning 
program (PSC) 

NC: No PSC group 
(1969-1972)  
C1: Closely supervised 
PSC group (1973-1976) 
C2: Less supervised 
PSC group (1977-1980) 

Operations per 1,000 
athletes: 
NC=15   C1=5   C2=2 
Knee injuries per 1,000 
athletes: 
NC=68   C1=41   C2=39 

NC  1.00 
C1  0.33 
C2  0.13 

 
 

NC  1.00 
C1  0.60 
C2  0.57 

 
0.13-0.87 
0.04-0.46 

 
 
 

0.42-0.88 
0.39-0.84 

 
0.02 

<0.01 
 
 
 

<0.01 
<0.01 

CI:  confidence interval 
NC:  no conditioning; C1: conditioning group one; C2: conditioning group two 
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Table B-7.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Other Extrinsic Risk Factors 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Buckley, 198840 Cross-sectional 
study; 8 years; 
(NAIRS) 

49 college teams; 
395 team-seasons 
(35,879 athlete- 
seasons) 

Team, 
situation, 
activity 

Offense/ defense 
 
Rushing/ passing 
 
Tackle/ block 

Number of 
concussions by team, 
situation, and 
activity: 
offense, rushing play, 
block: 274 
 
defense, passing play, 
tackle: 18 

NP NP p<0.05 

Turbeville et al., 
2003219 

Prospective 
study; 2 years; 
Oklahoma city, 
Oklahoma 

717 high school 
football players 

Experience 
and player 
position 

Experience (median, 
years) 
Linemen versus other 
positions 

Knee ligament 
injuries: 
 

NP 

 
OR 1.48 

 
OR 3.26 

 
1.07-2.06 

 
1.15-9.26 

 
p�0.05 

 
p�0.05 

Dagiau et al., 
198064 
 

Prospective 
cohort study; 
2 years  
(1976-1977); 
Illinois 

University of 
Illinois: 
Practice data: 
entire varsity 
football team 
Game data: 54 
members of the 
traveling squad  

Exposure time Time in seconds or 
minutes 

Practice: curvilinear 
relationship skewed 
to the right between 
exposure time and 
injuries 
 
Games: inverse 
relationship between 
exposure time and 
injuries 

NP 
 

NP 
 

NP 
 
 
 
 
 

p�0.05 
 

NAIRS:  National Athletic Injury/Illness Reporting System 
CI:  confidence interval; NP:  not presented in article; OR: odds ratio 
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Table B-8.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Intrinsic Risk Factors 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Albright et al., 
198513 
 

Prospective 
cohort;  
8 years; 
University of 
Iowa 

342 college 
freshman football 
players † 

Past history of 
head or neck 
injuries + 
abnormalities 
of the cervical 
spine on 
physical or x-
ray 
examination 

Abnormality degree:   
 
1. Normal (no 
abnormalities) 
2. Abnormal: Ranged 
from 1 (any 
examination finding) to 
4 (positive history + 
positive examination + 
positive x-ray film) 

Head or neck 
injuries: 
Normal players=23% 
 
Abnormal 
players=43%  
 

 
 

1.00 
 
 

1.90 

 
 
 
 
 

1.24-2.81 

 
 
 
 
 

p<0.01 

Nicholas, 1970146 Prospective 
cohort;  

6 years;  
New York 

139 professional 
football players 

Knee stability  
Looseness  
 
0 trait=50 
1-2 traits=50 
�3 traits=39 

Surgical knee 
ligament ruptures: 
 
0 trait: 2/50 
2 traits: 7/50 
�3 traits: 28/39 

 
 
 

1.00 
3.50 

17.95 

 
 
 
 

0.85-14.37 
7.69-41.90 

 
 
 
 

0.08 
<0.001 

CI:  confidence interval 
† Sample size categories were not provided.
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Table B-8.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Intrinsic Risk Factors (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Kalenak and 
Morehouse, 
1975100 † 

Prospective 
cohort study;   
3 years; 
Pennsylvania  

410 college 
football 
players 

Knee stability   
Loose-jointed 
  
Tight-jointed 

No. of knee injuries: 
19  
 
24  

 
 
 

NP 

 
 
 

NP 

 
 
 

NS 
Jackson et al., 
197898 
 

Cross-sectional 
study; 2 years; 
West Point and 
southern 
California 

2300 West Point 
cadets; 110 players 
from 6 southern 
California high 
schools 

 
Joint 
flexibility and 
laxity 
(goniometric 
measures) 
 
 
Personality 
(Cattell’s 16 
PF – 
Personality 
Factor) 

 
 
5 indices of joint 
flexibility: 
 
 
 
 
 
 
16 PF 
 

Ankle and knee 
injuries: no 
significant 
association with joint 
flexibility among the 
cadets (data NP) 
 
Injury (in general) 
frequency 
significantly higher 
in tender-minded, 
compared to tough-
minded high school 
participants (data NP) 
 
Injury (in general) 
severity significantly 
higher in reserved, 
compared to outgoing 
high school 
participants (data NP) 

NP NP NS 
 
 
 
 
 
 
 
 

p<0.05 
 
 
 
 
 
 
 
 

p<0.05 
 

CI:  confidence interval; NP: not presented in article; NS: non-significant (reported by authors) 
† Sample size categories were not provided. 
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Table B-8.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Intrinsic Risk Factors (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Woodford-Rogers 
et al., 1994228 

Cross-sectional 
study;  
2 years;  
location-NP 

14 ACL- injured 
male high school 
and college 
football players 
and 8 female high 
school and college 
gymnasts and 
basketball players; 
22 ACL-non-
injured controls 
matched by sex, 
sport, position, 
skill level 

Knee and 
ankle 
characteristics 

- Males: 
Anterior displacement 
of tibia on femur 
(millimeter (mm)) 
 
Navicular drop (mm) 
 
 
Calcaneal eversion in 
stance (degrees) 
 
- Females: 
Anterior displacement 
of tibia on femur (mm) 
 
Navicular drop (mm) 
 
 
Calcaneal eversion in 
stance (degrees) 

 
5.0±2.6 (injured)          
4.4±2.1 (non-injured) 
 
 
8.4±4.2 (injured)         
5.9±2.4 (non-injured)          
 
3.9±2.8 (injured)  
4.5±2.4 (non-injured)          
 
 
5.3±2.6 (injured) 
3.8±2.2 (non-injured) 
 
5.0±2.5 (injured) 
3.0±1.1 (non-injured) 
 
3.9±1.3 (injured) 
5.9±1.6 (non-injured) 

 
 
 
 
 
 

-- 

 
 
 
 
 
 

-- 

 
 
 
 
 
 

-- 

CI:  confidence interval; ACL: anterior cruciate ligament injury 
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Table B-8.  Results of Analytic Epidemiologic (Risk Factor) Studies on Football-Related Injury:  Intrinsic Risk Factors (continued) 
Authors  Study 

Design, 
Duration and 

Location 

Population and 
Sample Size 

Risk Factor 
Studied 

Risk Factor Level 
or Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-value 

Gómez et al., 
199887 

Prospective 
cohort study;  
12 weeks;  
San Antonio, 
Texas 

215 high school 
football linemen 
from 10 public 
high schools 

Body mass 
index 

Different categories, 
from 20 to 42 
kilograms per square 
meter (kg/m2) 
 
 

Overall injuries per 
1000 hours of playing 
time per category: NP 
Lower-extremity 
injuries per 1000 
hours of playing 
time: 
  
BMI>28: 4.5 
BMI�28:1.5 
 
BMI>32: 5.0 
BMI�32:2.8 

NP 
 
 
 
 
 
 
 

BMI>28/ 
BMI�28 = 3.0 

 
BMI>32/ 

BMI�32 = 1.9 

NP 
 
 
 
 
 
 
 
 

NP 
 

NP 

p<0.05 
 
 
 
 
 
 
 
 

p�0.05 
 

p�0.05 

CI:  confidence interval  
NP:  not presented in article 
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Table B-9.  Results of Intervention Studies on Football Injury Prevention Strategies  
Authors  Study Design, 

Duration and 
Location 

Population 
and Sample 

Size 

Risk Factor 
Studied 

Risk Factor 
Level or 
Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-
value 

Quality 
Score 

(100 Points 
Maximum) 

Grace et al, 
198889 
 

Prospective 
cohort;  
13 weeks; 
Albuquerque and 
Santa Fe, New 
Mexico 

580 high school 
varsity and 
junior varsity 
football players 

Knee brace  

B0 (nonbraced)=250  

B1 (braced, single-
upright, single-
hinged)=247 

B2 (braced, single-
upright, double-
hinged)=83 

Knee injuries:  
 
B0=10/250 (4%) 
 
B1=35/247 (14%) 
 
B2=5/83 (6%) 

 
 

1.00 
 

B1/B0=3.5 
 

B2/B0=1.5 

 
 
 
 

1.89-6.64 
 

0.53-4.28 
 

 
 
 
 

<0.001 
 

0.44 
 

 
 

Median=46 
Range=41-49 

Sitler et al., 
1990186  

Randomized 
controlled trial;  
2 years; West 
Point, New York 

1,396 US 
Military 
Academy 
cadets 

Knee brace   
 
 
 
Nonbrace 
(n=10860 athlete-
exposures)  
 
Brace 
(n=10710 athlete-
exposures) 

Knee injuries per 
1,000 athlete-
exposures: 

 

3.40 (overall) 
2.30 (MCL) 
 
 
1.50 (overall) 
1.12 (MCL) 

 
 
 
 
 

1.00 
1.00 

 
 

0.44 (overall) 
0.49 (MCL) 

 
 
 
 
 
 
 
 
 

0.25-0.77 
0.25-0.95 

 
 
 
 
 
 
 
 
 

p<0.05 
0.04 

 
 
 

Median=38 
Range=37-39 

CI:  confidence interval; MCL: medial collateral ligament injury 
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Table B-9.  Results of Intervention Studies on Football Injury Prevention Strategies (continued) 
Authors  Study Design, 

Duration and 
Location 

Population 
and Sample 

Size 

Risk Factor 
Studied 

Risk Factor Level or 
Category  

(No. of Subjects) 

Injury Rate or 
Outcome 

Injury Risk 
Ratio 

95% CI p-
value 

Quality 
Score 
(100 

Points 
Maximum) 

Cameron 
and Davis, 
197344 
 

Non-randomized 
controlled trial; 
1969 season; 
Duke-Durham area 

2839 high 
school football 
players 

Swivel shoes - Swivel shoe (n=466) 
- Conventional shoe 
(n=2373) 
Cleated shoe (n=2055) 
Heel plate (n=52) 
Soccer shoe (n=266) 

Knee/ ankle injury (%) 
swivel: 2.14/ 3.00 
cleated: 7.88/ 8.46 
heel plate: 5.77/ 7.69 
soccer: 5.27/ 5.64 

Knee 
1.00 (swivel) 
3.52 (others) 
Ankle 
1.00 (swivel) 
2.71 (others) 

 
 

1.97-6.26 
 
 

1.64-4.47 

 
 

<0.001 
 
 

<0.001 

 
 

Median=15 
Range=11-18 

 
 

Cahill and 
Griffith, 
197842 

Intervention trial 
with historical 
control; 
8 years; Peoria, 
Illinois 

8 teams of 
high school 
football 
players 

Pre-season 
conditioning  

 
 
Non conditioning period 
(1969-1972) 
 
Preseason conditioning 
period (1973-1976) 

Knee injuries (%): 
 
6.8 (overall) 
1.5 (surgical injuries) 
 
4.1 (overall) 
0.6 (surgical injuries) 

 
 

1.00 
1.00 

 
0.60 
0.38 

 
 
 
 
 

0.43-0.84 
0.16-0.86 

 
 
 
 
 

<0.05 
0.02 

 
Median=16 

Range=15-17 

CI:  confidence interval 




